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I. INTRODUCTION 
Intra-population selection should result in measureable 
improvement of populations when relatively large amounts of 
additive genetic variance for a given trait are present. Be­
cause of its simplicity and apparent effectiveness, the use of 
mass selection of individual plants has been suggested as a 
possible means of increasing the frequency of favorable genes 
in segregating populations. 
Selecting directly on the phenotype of the trait con­
cerned is not the only alternative to make genetic improvement 
on it. The possibility also might be considered of utilizing 
another trait, through selecting on it rather than directly on 
the primary trait itself. This is considered especially when 
the heritability of the primary trait is relatively low and 
also when practical and economic factors are involved. This 
type of selection has been discussed by Falconer (I96O) as 
indirect selection. 
When two characters are genetically correlated, a change 
in the mean genotypic value of one is accompanied by changes 
in the other. The change in the mean genotypic value for the 
character directly selected should result in a change in the 
mean genotypic value for the unselected trait. 
Knowledge of the genetic associations between characters 
will be required to optimize breeding procedures and/or predict 
correlated responses of characters not directly under selection. 
4' 
2 
In maize (Zea mays L.) many characteristics are not indepen­
dent; for example, genes that increase yield generally cause 
an increase in ear and plant height and also in maturity. This 
genetic correlation between traits measures the extent of which 
two characters are affected by common genes. 
Since the occurrence of a correlated response is important 
in any selection program it would be advantageous to know the 
possible effect that long-term selection may have on other 
traits of economic importance. The existing theory of quanti­
tative genetics generally applied to plant breeding describes 
the variation in a population in terms of certain statistical 
parameters. From these parameters, it is theoretically pos­
sible to predict direct and correlated responses as a result 
of continual selection. However, since we know that selection 
will change gene frequencies and that these control the values 
of the parameters, the predictions are of limited value be­
cause we cannot predict the change in gene frequency. With 
the exception of the long-term selection experiments for 
chemical composition in maize (Leng, 1974; and Dudley et al., 
1974) most of our knowledge concerning the underlying genetic 
mechanisms that will determine long-term response to selection 
has come through experiments with animals. 
The purpose of this investigation in maize is to present 
the results of ten generations of visual two-way mass selec­
tion for divergent ear length, and to describe the direct and 
correlated response with other traits. 
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II. LITERATURE REVIEW 
Mass selection is the oldest breeding procedure used in 
maize. Ever since man recognized the potential of maize for 
food, feed, and fuel, mass selection procedures have been used 
to select the phenotypically desirable plants and ears. Mass 
selection obviously was effective for certain characteristics 
because of the large number of different races and varieties 
that have been classified. In most instances, mass selection 
was effective for traits that have a relatively high heri-
tability, but its effectiveness for improving traits, such as 
yield, was questioned. Reports of the effectiveness of mass 
selection for the improvement of characters in the early part 
of the twentieth century were not consistent, depending, in 
part, on the character under selection. Some maize breeders 
contended that mass selection was not an effective breeding 
procedure because of a paucity of genetic variability. In most 
instances, however, faulty plot technique and parental control 
restricted progress by mass selection, particularly for com­
plex traits, such as yield, that have a relatively low 
heritability. 
Refinement of the techniques for mass selection were de­
scribed by Gardner (I96I) and included1 minimizing the en­
vironmental effects by timely irrigation; stratification of the 
field into small uniform blocks of 4 by 5 hill grids so as to 
provide some control over soil fertility and moisture gradients 
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and selecting the highest yielding plants within each block; 
and by drying the selected ears to a constant moisture level 
before the final selections are made. He stated that in this 
way one should expect to make progress in selecting for yield 
of grain in genetically variable populations of maize under 
irrigation. 
Results of the initial four cycles of mass selection for 
yield in Ifeiys Golden were reported by Gardner (I96I); his 
material consisted of an irradiated and a control population. 
An average gain in yield of 3.9# per generation was realized. 
It was at this time when he realized that faulty techniques 
could easily account for the ineffectiveness of mass selection 
reported in the past. 
Gardner (I968) described a preliminary summary of the re­
sults of 10 years of mass selection in the control and in the 
irradiated populations of Hays Golden. A linear response of 
2.7# per generation was observed for grain yield in the con­
trol. A greater linear response of per generation was re­
ported for the period from generation three to ten in the 
irradiated populations. In I969 he reported that mass selec­
tion not only increased grain yield, but also resulted in 
important correlated responses such as greater prolificacy, 
less barrenness, less lodging, later maturity, and taller 
plants. 
In Mexico, in a tropical variety of maize, Johnson (I963) 
obtained a gain in grain yield of 11?S per generation of mass 
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selection over a period of three generations. 
Lonnquist (196?) reported results of five generations of 
mass selection for improved productivity in the Hays Golden 
variety of maize by selecting for prolificacy, a correlated 
trait. This is the same variety used by Gardner. The regres­
sion for gain in yield per cycle of selection relative to the 
parental variety was 6.28#. The greater effectiveness of 
selection where prolificacy was the primary trait was believed 
due to the higher selection intensity used as well as to higher 
heritability of the trait under selection. 
In Colombia, Torregoza and Harpstead (196?) working with 
a highland maize variety compared the products of the fifth 
cycle of divergent mass selection for single and multiple ear 
types to the original population in yield trials at two loca­
tions. Yield in the population selected for multiple ears 
was 14j5 higher than in the original and the number of ears 
per plant showed a 28# increase. In the single-ear selection, 
yield was reduced 5# while the number of ears per plant de­
creased 7# when compared to the original population. 
Arboleda-Rivera and Compton (197^) used mass selection in 
develop three samples of a maize population for prolificacy 
and grain yield under three different seasonal conditions: 
(1) rainy seasons, (2) dry seasons, and (3) both rainy and dry 
seasons. Mass selection in the rainy seasons resulted in an 
increase in grain yield and ears per plant of 10.5# and 8.8# 
per cycle, respectively, when tested in the rainy seasons 
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(direct response). The responses of the same population when 
tested in dry seasons (indirect response) were 0.8% per cycle 
for yield and l.OjS per cycle for number of ears per plant. The 
direct response in grain yield in the population selected in 
the dry seasons was only 2.5^ per cycle whereas it was 7*6^ 
when tested in the rainy seasons. The gain in ears per plant 
was 11.4# in the tests in the rainy seasons, but the direct 
response was 4.4# per cycle. In the population selected under 
both seasons, rainy and dry, there was a gain in grain yield 
of 5*3 and 1.1# per cycle in the tests in the rainy and dry 
seasons, respectively. For prolificacy, the respective gains 
-were 7.0 and 3.3# per cycle. It was concluded by the authors 
that selection for prolificacy is more successful when per­
formed under weather stress, contrary to the observations of 
Gardner (I969). 
Hallauer and Sears (I969), following similar procedures 
used by Gardner (I96I), conducted mass selection for yield in 
Krug and Iowa Ideal open-pollinated varieties of maize. They 
made yield evaluations of the original and six cycles of se­
lection in Krug and five cycles in Iowa Ideal. They did not 
find significant improvement of yield in either variety by 
mass selection. They stated that the lack of significant 
progress may be due to one or more of the following reasons 1 
1. A paucity of additive genetic variance in the 
varieties; 
2. Imprecise plot techniques to minimize the confounding 
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effects of the environment; 
3. Insufficient testing to detect the small differences 
and to estimate the true value for the different 
cycles of selection, particularly in the later 
cycles; 
4. A low intensity of selection because of the exclu­
sion of stalk-lodged plants in the basic units of 
selection; and 
5. Plant density was too high in the plots under selec­
tion, a factor which prevented the phenotypic expres­
sion of yield for individual plant genotypes that 
could be selected visually. 
Experiments to determine the correlated response of sever­
al plant and ear characteristics with reciprocal recurrent 
selection in two maize synthetics were conducted by Hallauer 
(1971). Negative estimates of genetic correlation were ob­
tained consistently between ear length and ear diameter, cob 
diameter, and kernel depth. One interesting observation was 
that the decrease in ear diameter, with increased ear length, 
apparently was due to decreased kernel depth because there was 
a small association between ear length and cob diameter. The 
average genetic correlation between ear diameter and yield was 
higher than between ear length and yield. Similar results were 
obtained by Williams (i960). 
Estimates of genetic variance for ear length for several 
populations have been made by several investigators (Robinson 
8 
et al., 1955i lindsey et al., 1962; Eberhart et al., I9661 
Hallauer and Wright, 196?). In ail studies, the estimate for 
the additive genetic variance accounted for more than 85?^ of 
the total genetic variance. It is well documented that the 
main type of genetic variance for ear length in maize popula­
tions is of the additive type; therefore, we should be able to 
increase the frequency of favorable genes for long ears, at 
least in the populations studied, by means of any intra-
population selection scheme. 
Hallauer and Wright (1967) found in the Iowa Ideal variety 
of maize that the additive genetic, genotypic, and phenotypic 
correlations showed that ear length was the most important 
component of yield. Based on the estimates of variance compo­
nents in this population, they showed that the observed 
progress from mass selection for increased grain yield was 
less than the predicted. They concluded that either the esti­
mates of additive genetic variance were over estimated, or 
the individual plant selection techniques were not precise 
enough to properly identify the higher yielding genotypes in 
the selection program. 
Cockerham (I963) discussed different mating designs for 
the estimation of genetic variances. For the mating designs 
with unrelated mates, the following assumptions are needed to 
use the formulation, in terms of genetic variances, of the 
COvariances of relatives: 
(a) Regular diploid behavior, 
9 
(b) No epistasis. 
(c) No environmental correlations among relatives» 
(d) No linkage or linkage equilibrium, 
(e) The relatives are not inbred, 
(f) The relatives can be considered to be random members 
of some noninbred population, and 
(g) No maternal effects. 
When using the biparental or Design I (Comstock and Robin-
son, 1948) in maize, it is not uncommon to obtain estimates of 
additive genetic variance which are greater than the total 
genetic variance (Lindsey et al., 1962; Goodman, 1965; El-
Rouby, 1965» and Hallauer and Wri^t, I967, to cite a few). 
It has been suggested that either the variation among males 
was greater because of assortative mating, or the errors in 
2 the estimation of the male component, cr^ (variance due to 
genetic differences among males), were large. 
Lindsey et al. (1962) pointed out that assortative mating 
can bias the estimate of the additive genetic variance upward 
and, at the same time, bias the genotypic variance downward. 
Since the statistical genetic theory, in studies such as those 
where the Design I is used, is based on the assumption of 
random mating, it is important to use pollinating techniques 
which insure the greatest possible degree of randomness in the 
parents to be mated. If randomness is not assured, components 
of variance for date of flowering and correlated traits would 
be biased. 
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Marquez-Sanchez and Hallauer (1970a, 1970%) using Design 
I showed that the variance of estimates of genetic variance 
decrease with increasing sample size, but only slowly as the 
number of females per male was increased much beyond four. 
Felsenstein (1965) describes four models of natural se­
lection in two-locus, two-allele, random-mating populations. 
He shows that if the linkage disequilibrium generated by selec­
tion is positive, tight linkage will increase the rate of 
change of the gene frequencies, while if the linkage dis­
equilibrium generated by selection is negative, tight linkage 
will decrease the rate of change of the gene frequencies. It 
is shown that negative linkage disequilibrium will be generated, 
and hence tight linkages will reduce the response to artificial 
selection. 
Cockerham (1956) and Schnell (I963) showed that linkage 
may affect the epistatic components of covariance among half-
sib and full-sib relatives even if the parent population is in 
linkage equilibrium. This type of linkage effect would bias 
the Design I covariance estimates upwards. The additive x 
additive epistatic genetic variance would contribute to selec­
tion response, but contribution would soon approach a limit 
unless linkage between the loci involved was very tight. Thus 
the additive genetic variance should underestimate the response 
in the early generations when epistasis is present and it is 
assumed negligible. This was shown by Griffing (i960). 
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Comstock and Moll (I963) pointed out that, when an ex­
periment is conducted at several locations in a particular 
year, the estimates of genetic variances include the corre­
sponding genotype x year interaction variance and the esti­
mates of the genotype x location interaction variances in­
clude the corresponding genotype x year x location interaction 
variance. 
Robertson (I969) has discussed the validity of the genetic 
theory to predict response from selection in animal breeding 
which, of course, may be applied to plant breeding. Valid 
short-term predictions of the effect of artificial selection 
can be made in terms of the additive genetic variance. The 
theory cannot make any useful predictions about the way in 
which this parameter itself will vary with time. According 
to Robertson, predictions on the basis of the present theory 
will only have long-term validity if* 
1. The number of loci affecting the character is large; 
2. The population size is very large; 
3. The loci are se greeting independently (no linkage); 
4. The dominance and epistasis are unimportant; and 
5. The correlation between different characters is 
linear. 
Asymmetry in response in the well-known Illinois maize 
selection experiment for divergent protein and oil content has 
been discussed by Winter (I929), Woodworth et al. (1952), and 
Leng (1961). In the "protein" strains, selection for hi^ 
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protein content produced more rapid initial progress than 
selection for low protein. In the "oil" strains, asymmetry 
has been more pronounced because response to selection for 
high oil content continued in an essentially straight-line 
trend for 50 generations. 
» Dudley and Lambert (I969) reported results of 65 genera­
tions of selection in the Illinois selection experiment. The 
correlated response between oil and protein over the 65 gen­
erations was small. Also, it was found that altering either 
oil or protein content in an ordinary maize selection program 
is unlikely to lead to major changes in the other characters. 
In 1974", Dudley et al. stated that the asymmetry of response 
can be accounted for by either differences in selection dif­
ferential, changes in the selection procedure, or change in the 
cultural practices. 
Extensive selection experiments with laboratory species 
have revealed asymmetry of response in either direct or corre­
lated responses or both (Falconer, 1953» 1955; Clayton et al., 
1957; Bell and McNary, I963; Martin and Bell, I960; and 
McLellan and Frahm, 1973). On the other hand. Reeve and 
Robertson (1953), selecting for wing and thorax lengtM in 
ProsoPhila melanogaster. found good agreement between estimates 
of the genetic correlation between the two characters in the 
base population and the realized genetic correlation in the 
population selected for each trait separately. 
Falconer (i960) has listed as possible causes of asym­
13 
metrical responses the followingt 
1. Inequality of selection differential; 
2. "Genetic asymmetry", either in direction of dominance 
or in gene frequency; 
3. Selection of heterozygotes in one direction; 
4. Inbreeding depression; and 
5> Maternal effects. 
The conditions necessary for the development of asymmetry 
were examined by Bohren et al. (I966), using computer simula­
tions. Their results suggest that any symmetry found in an 
experiment is perhaps more surprising than asymmetry. They 
showed that the covariance between two characters may be more 
sensitive than variances to changes in gene frequency brought 
about by selection, and presumably also to changes due to ran­
dom sampling when the population size is small. Therefore, we 
should expect greater asymmetry of response in the correlated 
traits than in the trait directly selected. 
The study of Hardin and Bell (I967) of two-way selection 
for body weight in Tribolium confirms that, in the presence of 
a significant genotype x environment interaction, indirect 
selection is less effective in improving a trait than direct 
selection. 
Lemer and Cruden (1948) were the first to suggest a cri­
terion of assessing the efficiency of an indirect selection. 
Their criterion was determined by comparing the rates of 
genetic progress in improving the genetic merit for the primary 
14 
trait under the two selection programs and expressing the rate 
of improvement when using indirect selection as a fraction of 
that when using direct selection. 
Searle (I965) also discusses the value of indirect selec­
tion relative to direct selection. Some of his conclusions 
are: 
1. Estimates of the relative efficiency of indirect se­
lection is given by r h /h , where r is the genetic 
& ^  <y o 
correlation between the basic trait (Y) and the al­
ternative trait (X) and h and h are the correspond-J X 
ing square root of the heritabilities for traits Y 
and X, respectively. 
2. Indirect selection is better or preferable only if 
3. No trait X can be considered as a preferable alterna­
tive to Y for improvement in the genotype of Y unless 
4 > hX-
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III. HA.TERIALS AND METHODS 
The source material used in this study was a synthetic 
variety designated as 'Iowa Long Ear Synthetic* (BSIE). The 
following twelve selected inbred lines, based on the long ear 
character, were used to synthesize BSLEt 
The twelve inbred lines were crossed to form six single 
crosses, which were crossed to form three double crosses. All 
possible double-double crosses were produced among the double 
crosses. A composite seed sample of the double-double crosses 
was planted in isolation in I96I and allowed to intermate. 
Three additional generations of random mating developed the 
base population for the initiation of this study, in which two 
phases are involved: (1) estimation of genetic parameters in 
the BSLB; and (2) evaluation of ten generations of divergent 
mass selection for ear length in BSIE. 
Oh29 
W-17R-B 
B217 (waxy) 
B56 
N25 
N22A 
B55 
(B15XB15)-16 
(Lane. Comp.)-34 
CI03 
(Ml4xA206)xOh4C-26 
(LsiyxC.I.187-2)-1-1-9 
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A. Estimation of Genetic Parameters of the 
Base Population, Iowa Long Ear Synthetic 
1. Genetic design and experimental procedures 
A biparental or Design I (Comstock and Robinson, 1948) 
mating scheme was imposed on BSLE (Hallauer, 1968) to develop 
the full-sib and half-sib families to be evaluated and obtain 
from these kind of relatives the pertinent estimates of genetic 
variance. One hundred randomly chosen plants, designated as 
males, were each mated to six randomly chosen plants, desig­
nated as females. To minimize the possible effects of assorta-
tive mating due to flowering, the mating procedure suggested 
by Lindsey, Lonnquist and Gardner (1962) was used. That is, 
seed for plants designated as males was planted approximately 
one week later than the main planting of female parents. This 
should have allowed for a greater range in maturity of the 
females mated to a particular male provided the silks of early 
flowering plants remained receptive to pollen for several days. 
At harvest time, the first four female plants for each male 
that had sufficient viable seed for growing in three environ­
ments were saved. Eighty-four male groups (half-sib families) 
or 336 full-sib families were obtained that had sufficient 
seed for testing. 
Yield trial experiments of the 336 full-sib families were 
grown at three locations in Iowa (Kanawha, Ames, and Ankeny) 
in 1966. The 84 half-sib families were assigned at random to 
seven sets. Each set, therefore, contained 12 half-sib 
17 
families or 48 full-sib families. The full-sib families were 
assigned at random to the plots and replicated twice within 
each set. Each set. therefore, contained 96 plots. Thus, 
each experiment at each location consisted of seven sets. 
Different randomizations were applied in each experiment. 
Each plot consisted of one row overplanted and thinned 
to 17 plants. The rows were 102 centimeters apart with plants 
spaced 25 centimeters apart within the rows. Therefore, the 
plant density within a plot was approximately 39,000 plants 
per hectare. A random thinning was applied in the seedling 
stage, and stands were excellent at each location. 
2. Characters measured 
Measurements were taken for the following characters 1 
yield, ear length, ear diameter, kernel-row number, 300-kemel 
weight, ear height, and silking date. Ear height measurements 
were not taken at Kanawha because early rootworm infestation 
caused severe root-lodging, and the average silking date data 
were taken at Ames only. Measurements for all other characters 
were taken in all three localities. 
The characters were measured as followst 
YieldI Yield was recorded as the total shelled grain 
weight (grams) of all ears harvested in a plot, divided by the 
total number (generally 10) of competitive plants harvested. 
Hence, yield is given on a grams per plant basis. 
Ear length: The total length of all harvested first ears 
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in a plot was obtained to the nearest centimeter. This length 
was then divided by the number of first ears to obtain the 
average ear length. 
Ear diameter* Total diameter of all first ears harvested 
from a plot was determined and divided by the number of ears 
to obtain the average ear diameter. Measurements were taken to 
the nearest 0.5 centimeter. 
Kernel-row number* Kernel-row number was counted for 
each of the first ears harvested from each plot. The total 
was then divided by the number of first ears to obtain the 
average kernel-row number. 
Three-hundred-kernel wei^tt A random sample of 300 
kernels was obtained from the bulk shelling for each plot to 
make the 300-kemel wei^t determinations to the nearest 0.5 
gram. 
Ear hei^ti The distance from ground level to the node 
bearing the primary ear was recorded to the nearest centi­
meter on a maximum of 10 competitive plants in each plot. The 
average gives us the ear height. 
Silking date: The average silking date per plot was de­
fined as the number of days after July 1 when $0^ of the plants 
within a plot had visible silks on the top ear shoot. 
3, Model and analysis of variance for 1 locations and one 
.Y?ar 
The model that included random effects (except u) for the 
analysis of variance is as follows* 
19 
^hijkn = " + In + 8h + (»^)hn + ^nhi + *hj + ^hjk + 
("^)nhj * (^^)nhjk ®hijkn ' 
where 
^hijkn ~ observation of the cross of the male 
with the female in the h^^ set and n*^ 
environment, and 
h = 1, 2 7. 
i = 1, 2, 
j ^  1» 2, •••! 121 
k = 1, 2, 3. 4, 
n = 1, or 2, or 3, 
u = overall mean, 
1^ = effect attributed to the n^^ environment, where 
1^ ~ NID(0, al), 
s^ = effect attributed to the h^^ set, where 
Sj^ 'b NID(0, ag), 
(sl)hn = effect due to the interaction of the n*^ environ­
ment and the h^^ set, where 
(B1\^ % NID(0, al^), 
r^^ = effect due to the i^^ replication within the 
h^^ set in the n^^ environment, where 
^nhi ~ NID(Ot <^^1^' 
m^j = effect due to the male within the h^^ set, 
where 
~ NID(0, A^), 
20 
effect attributed to the female within the 
male in the h^^ set, where 
NIDCO, 
effect due to the interaction of the male 
within the h^^ set with the n^^ environment, 
where 
NID(0. a^). 
female within the male and h^^ set with the 
n^^ environment, where 
residual error, where 
NID(0, a^) . 
For the analysis involving just one environment, the terms 
involving 1 are deleted. The format of the combined analysis 
of variance, expected mean squares (EMS), and their relation 
to genetic covariances are presented in Tables 1 and 2. For 
the analysis of covariance the expectations for the mean 
products are exactly equivalent (have the same form) to the 
expectations of the respective meeui squares. 
In the combined analysis of variance to test the null hy-
2 pothesis Hoi ~ following P-test is used# F = 
M2/M1 with degrees of freedom dg and d^  ^associated with Mg and 
*2' respectively. This would test for the presence of all 
types of genetic interaction with environments. To test the 
null hypothesis Hoi = 0, the F-test is F = My'M2 with 
h^jk ~ 
(=l)nhj 
'•^ >nhj ~ 
(^ )nhjk = 
®hijkn ^  
®hijkn ~ 
Table 1. Design It Analysis of variance for the combined analysis for 3 locations 
Source Degrees of freedom MS EMS 
Locations (L) 
Sets (S) 
L X S 
Replicat!ons/S/L 
(1-1) 
(s-1) 
(l-l)(s-l) 
ls(r-l) 
Males (M)/S s(m-l) = dj «5 + ^'f/mxl * 
Females (F)/W(/S sm(f-l) = o2 + 
L X M/S 8(1-1)(m-l) = dj «3 o2 + 
L X F/K/S sm(l-l)(f-l) = dg «2 + 
Pooled error sl(mf-l)(r-l) = dj «1 «2 
+ ^®f/m + 24*m 
Total slmfr-1 
^1, s, r, m, and f refer to locations, sets, replications, males, and females, 
respectively. 
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degrees of freedom d^ and dg associated with and Mg* re­
spectively. This would test for the presence of interaction 
of additive gene effects and/or additive types of epistasis 
2 
with environments. In order to test Ho: ''f/ni ~ the P-
test is F = Vl^/V^2^ with degrees of freedom d|^ and dg associ­
ated with and Mg, respectively. This would be a test for 
the presence of all types of genetic variance. To test Hoi 
2 
= 0, no direct F-test is available; however, an approxima­
tion given by Satterthwaite (1946) and by Cochran (1951) can 
be used. The approximate F-test is F = (M^  + Mg)/(K2^  + M^ ). 
The degrees of freedom are estimated ast d^  = (ZM^ )^^ /Z(M^ /dj^ ). 
This is a test for the presence of additive genetic variance 
anq/or additive types of epistatic variance. 
On the basis of the expectations on Table 2, the estimates 
obtained from the analysis in Table 1 had the following 
genetic constitutions 
" Cov(HS) = (M^ - «4 - + Mg)/24 
f^/m ^  Cov(FS) - Cov(HS) = (M^  - Mg)/6 
a^ l = Cov(HS)xL = (M^  - Mg)/8 
^f/mxl [Cov(FS) - Cov(HS)]xL = (Mg - M^)/2 
Fisher (1918) gave the genetic composition of Cov(FS) and 
Cov(HS) under the assumption of Mendelian diploid inheritance, 
no inbreeding of the parents (F = 0). no epistasis, no maternal 
effects, and the population in linkage equilibrium. Hence, 
Cov(HS) = 1/4 0% , and 
Table 2. Design It Genetic covariances in terms of mean squares for the combined 
analysis 
Source MS Genetic covariances 
Males (M)/Sets (S) 
Females (P)/N/S 
I, X M/S 
L X F/VS 
Pooled error 
M, 
M, 
M 3 
«2 
M. 
+ 2([Cov(PS)-Cov(HS)]xL) + 8 Cov(HS)xL + 
6[Gov(FS)-Gov(HS)] + 24 Cov(HS) 
+ 2([Cov(FS)-Cov(HS)]xL) + 6[Cov(FS)-Cov(HS)] 
+ 2([Gov(FS)-Cov(HS)]xL + 8 Cov(HS)xL 
+ 2([Cov(FS)-Cov(HS)]xL) 
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Cov(FS) = 1/2 o| + 1/4 
where af and aS are the additive and dominance genetic vari-
A JJ 
ances» respectively. Similarly, it can be shown that; 
Cov(HS)xL = 1/4 0^ 
([Cov(FS)-Cov(HS)]xL) = 1/4 , 
where is the genotype (additive) by location interaction 
and is the total genotype by location interaction. The 
parameters were estimated as followst 
4 = ^(4/m - 4) 
4 = ^f/m 
-L = L^i 
2 2 
^GL ~ ^ f/mxl ' assuming no epistasis. 
The variance of the parameters are linear functions of mean 
squares. To get some idea about the reliability of these 
estimates, variances of the linear functions were obtained by 
use of formulae given by Kempthome (1957, p. 246). The vari-
ance of a mean square is estimated unbiasedly as 2Mf/d^+2, 
therefore, the variance of the estimates of genetic variance 
is given by: 
V(a?) = % 2:(M?/d.+2) 
1 ^ 1 X 
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4. Additive (r^), genotypic (Tq), and phenotypic (rp) 
correlations 
The correlations between traits X and Y were calculated 
as follows* 
° ( 4  4  ' 
nn m 
°  • <4 ,4 , ' 
*f/m ^f/m 
+ 4ayy + CJYV 
^^f/m ^^f/mxl 
^ [(401 + 4(j| + ohikoy + 4oY + 
Vm 4/mxl ^ Vm ^f/mxl = 
where 
Oyv = estimated covariauice component for males, 
c7YV = estimated covariance component for females within 
Xif/m 
males, 
avv = estimated covariance component for the interaction 
^^f/mxl 
of females within males with environments, and 
^XY ~ estimated covariance component for plot effects. 
The variance for the genetic correlation coefficient (r^) 
was obtained as outlined by Mode and Robinson (1959)# that is* 
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V(rn) = ToQ 
f/m f/m f/m 
P 2 
COV(OYY # Gy ) C0v(0yy # Ov ) 
f/m f/m ^^f/m f/m ^ 
Cov(aS , aS ) 
f/m ^f/m 
2(0% ^ )(a| ) 
f/m f/m 
] 
Assuming that the genotypic correlations are normally 
distributed, a genotypic correlation would be significantly 
different ftom zero if it is greater than twice its standard 
error, with 95^ probability. 
5* Estimates of heritabilitv (h^) 
Heritability in the narrow sense, on a per plant basis, 
is estimated as followsi 
4 + ^f/m + ^ Ll + ^f/mxl + *p + *w 
where 
2 
= variance due to genetic and environmental differences 
among plants within plots, and 
2 Op = variance due to differences among plots within 
replications. 
Since we did not take individual plant data, we cannot 
2 2 
estimate and independently. Gardner (I96I), based on 
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work of Robinson et al. (19^9) and his own experience, used 
the ratio 0^0^ = 10 to get an estimate of for grain 
yield. Goodman (I965) and Hallauer and Wright (196?) have 
used ten times the pooled error to estimate the same quantity. 
In this study, we used the same estimate. In Iowa Stiff Stalk 
Synthetic, however, Silva and Hallauer (1975) found the within 
plot variance to be 4.7 times the experimental error variance. 
It is realized that an underestimation of the heritability 
could be obtained. 
The standard error for the heritability estimates were 
obtained as proposed by Dickerson (1959), that is* 
" h Z ' - T -  •  
"p 
where 
0 2 = standard error of the variance component for males, 
m 
and 
2 0p = phenotypic variance 
6. Predicted genetic advance on ear length from mass selection 
If mass selection based on the yield (in our case ear 
length) of the phenotype is practiced, the gain anticipated 
per generation by selecting the hi^est yielding plants can be 
calculated using the following formulas 
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where 
k = 1.89 standardized selection differential for a 
selection intensity of 7* 5^* 
7. Predicted correlated responses 
The predicted correlated response in trait Y from selec­
tion for trait X was calculated sis follows* 
CRy X = 
Under equal selection intensities for trait X and Y the 
relative merit of indirect selection is given by* 
CRy Y hy 
B. Evaluation of Ten Generations of Divergent Mass 
Selection in Iowa Long Ear Synthetic 
1. Experimental procedures 
The divergent mass selection program for ear length in 
BSLE was initiated in I963. A technique similar to the one 
developed by Gardner (I96I) was used to visually select the 
three longest and three shortest ears in 100 sub-blocks of two 
rows with 20 competitive plants each. This results in a selec­
tion intensity of 7*5%' Since I963, two isolation plantings 
have been grown at the Research Station near Ankeny* (1) an 
isolation for the long ear selection and (2) an isolation for 
the short ear selection. In 197^. ten generations of mass 
selection were completed in each isolation. 
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In 1975» crosses between long and short ear length cycles 
of selection, using only every second cycle, were made at the 
Agronomy Research Center nursery. Also, crosses were made 
between the original BSLE and every second cycle of selection 
for both long and short ear length selections. At the same 
time, the original and all subpopulations were reproduced to 
have the same seed quality and age of seed for the evaluation 
trials. 
The populations harvested in the nursery, plus an extra 
entry of the original BSLE, and three checks, were grown at 
five Iowa locations [Kanawha, Hinds Farm (Ames), Agronomy Re­
search Center (Ames), Ankeny, and Martinsburg] during the sum­
mer of 1976. The 30 populations were grown in a randomized 
complete block design with four replications at each location. 
Plot size was similar to the one used in the evaluation of 
full-sib and half-sib families in Design I. Among the en­
vironmental abnormalities experienced in 1976, we should men­
tion that the 1976 crop years at Kanawha and the two locations 
near Ames were extremely dry; a below-normal nitrogen fertile 
izer application at the Hinds Farm; and a severe hailstorm 
hit the Agronomy Research Center on June 30. All of the 
stress conditions had an effect on plant and ear development 
that caused lower yields and increased the experimental error. 
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2. Characters measured 
The characters measured were the same as those described 
for the estimation of variances plus kernel depth* The mea­
surement for kernel depth was recorded as one-half the differ 
ence between ear diameter and cob diameter. All other traits 
were measured as described previously. 
3. Statistical procedures 
The statistical model used 
variance wast 
%ijk = * + li + :ïj + Sk + 
where 
i — 1 » 2» ...I 5 I 
j = 1, 2, 3, 4 ; 
k = 1, 2, 30 
u = overall mean 1 
1^ = the effect of the 
1^ NID(0, of) I 
^ij 
«k ' 
(gl)ij = 
for the combined aneJysis of 
(^)ik ®ijk 
; 
i^^ location, where 
the effect of the replication in the i*^ 
environment, where 
NID(0, ) I 
the effect of the k^^ population, where 
NID(0, a|) , 
the interaction effect between the k^^ popula­
tion and the i^^ location, where 
NID(0, a|^)i and (gl)ij 'V 
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^ the random error, where 
®ijk NID(0, a^). 
The analyses of variance for each trait were computed on 
plot averages. The format of the combined analysis is illus­
trated in Table 3. To determine the significance of the varia 
tion among populations and their interaction with the environ­
ment, F-tests were made as followst 
F = My/K2 with degrees of freedom d^ and dg associated 
with and Mg* respectively, and F = with 
degrees of freedom dg and d^ associated with Hg 
and respectively. 
4. Genotypic and phenotvpic correlations 
The genotypic and phenotypic correlations were estimated 
for all pairs of traits measured as described by Mode and 
Robinson (1959). 
5. Estimated genetic progress from mass selection for long 
and short ear lengths and correlated responses observed 
The model proposed by Eberhart (1964) was used to obtain 
an estimate of the genetic progress from mass selection for 
long and short ear lengths and correlated responses. The 
following models were fitted successively to partition the 
variation among entry means and to estimate the desired 
parameterst 
= "o + ®10*oi + "ij ' 
31 
Table 3. Combined analysis of variance with the expected 
mean squares for 1 locations 
Source of 
variation Degrees of freedom MS EMS 
Locations (L) 1-1 
Replications/1 l(r-l) 
Populations (P) P-1 = d^ M^ 0 ^ *  
--Il 
P X L (p-l)(l-l) = ^2 «2 
Pooled error l(p-l)(r-l) = 
+ 2O4 
^1, r, and p refer to locations, replications, and popu­
lations, respectively. 
^ij + dj^j I 
where 
= the mean of the ij population; 
i = 0, 2, 4, 6, 8, 10 cycle of selection; 
j = 0, 1, 2, method; 
Uq = the mean of the base population; 
= linear coefficient for the average response; 
= linear coefficient for the response in the long 
ear selection; 
^12 ~ linear coefficient for the response in the short 
ear selection; 
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Xjnj = the coefficients for the design matrix, where 
0 for y jl i , 
i for j' = j I and 
d.. = deviations from regression. 
^ J 
33 
111. EXPERIMENTAL RESULTS 
A. Experimental Results from Design I 
Table 4 shows the means, standard errors of the means, 
and coefficients of variability for 336 full-sib families 
evaluated at three locations in which data were obtained for 
seven traits. Data for silking date and ear height were col­
lected from only one and two locations, respectively. En­
vironmental conditions varied for the three locations, as 
evidenced by the differences in the means for yield. Yield 
at the Kanawha location was depressed because rootworm infesta­
tion caused early root-lodging. The I966 crop year at the Ames 
location was dry during July and August, consequently, yield 
also was depressed because of this stress period. Ankeny had 
adequate moisture supplies and normal conditions throughout 
the growing season. The average grain yield per plant was 
174.4 grams. The hi^est yield was obtained at Ankeny, fol­
lowed by Ames and Kanawha. The average ear length was 21.9 
centimeters. Little fluctuation among the locations is ob­
served, which indicates that ear length trait is legs affected 
than yield by environment fluctuations. Ear diameter, ear-row 
number, and ear height also are shown to be little affected by 
environment fluctuations. Their averages were 4.7 centimeters, 
15.9 rows, and 104.2 centimeters, respectively. The average 
300-kemel weight and silking date were 84.3 grams and 28.5 
days (from July 1), respectively. 
Table 4. Average (X), standard error of the mean (s^)* and coefficient of varia­
tion (C.V.) for data obtained on 7 characters at 3 locations in Iowa 
in 1966 for Iowa Long Ear Synthetic 
Location 
Ear 
length 
Yield 
per plant 
g 
Ear 
diameter 
cm 
Ear-row 
number 
300-kemel 
weight 
g 
Ear 
height 
cm 
Silking 
date* 
X Kanawha 21.1 146.4 4.6 15.9 83.1 - -
Ames 22.0 178.2 4.6 16.0 81.5 103.3 28.5 
Ankeny 22.6 198.5 4.8 15.8 88.2 105.1 -
Combined 21.9 174.4 4.7 15.9 84.3 104.2 28.5 
*x 
Kanawha 1.1 25.8 0.2 0.6 4.6 - -
Ames 1.0 14.9 0.2 0.7 4.6 5.6 1.1 
Ankeny 0.8 15.0 0.2 0.5 4.7 4.2 -
Combined 0.6 11.0 0.1 0.3 2.7 3.4 1.1 
C.V. Kanawha 7.4 24.9 5.6 5.3 7.8 (*) Ames 6.1 11.8 5.2 5.8 7.9 7.7 5.3 
Ankeny 5.1 10.6 5.0 4.3 7.6 5.6 -
Combined 6.3 15.5 5.3 5.1 8.0 6.6 5.3 
^Number of days from July 1. 
35 
The lowest coefficients of variation for all traits mea­
sured were obtained at the Ankeny location, where the growing 
conditions were good, and in general the greatest coefficients 
of variation were obtained at Kanawha where the growing condi­
tions were poor. 
The combined analysis of variance for the Design I for all 
environments where data were taken is given in Table 24 of the 
Appendix. All sources of variation were highly significant 
except females (F)/X/S for ear length, ear diameter, ear-row 
number, and 300-lcemel weight. 
? 2 
Estimates of the additive (a^), dominance (Og), total 
2 2 genetic (ag), additive x location and total genetic x 
location variances, are presented in Table 5» Standard 
errors of the estimates are included in Table 5* If the esti­
mates are normally distributed, the confidence interval for the 
955^ level of probability would be bounded by ±. 2 standard errors 
of the estimate. The estimates of in the combined analysis 
were all significantly different from zero. In addition, they 
were much greater than the estimates of dominance variance for 
all traits except ear height. For all these traits the esti­
mates indicate that the greatest proportion of the total ge­
netic variance is due to additive effects, under the assumption 
of no epistasis. The estimates of Og in the combined analy­
sis were negative for all traits except ear height. Since we 
are estimating variances it is not possible to have negative 
values for as the true parameter; the negative estimates of 
2 2 
Table 5* Estimates of additive dominance (Og), and 
total genetic (o^) variances for eight traits and 
the interaction of additive ) and total genetic 
variance (Og^l) with locations for seven traits in 
Iowa Long Ear Synthetic 
Trait Location 4 4 
Ear 
length 
Kanawha 
Ames 
Ankeny 
1.61 
1.71 
1.49 
(0.57)* 
(0.58) 
(0.49) 
0.87 
1.93 
1.88 
(0.94) 
(O.92) 
(0.75) 
Combined 1.53 (0.36) -0.53 (0.47) 
Yield Kanawha 
Ames 
Ankeny 
889.32 
178.12 
395.13 
(287.25) 
(102.87) 
(128.10) 
-140.20 (465.63) 
23.92 (169.60) 
235.82 (198.91) 
Combined 198.62 (84.37) -94.29 (122.32) 
Ear 
diameter 
Kanawha 
Ames 
Ankeny 
0.05 
0.04 
0.07 
(0.02) 
(0.02) 
(0.02) 
0.03 
0.09 
-0.04 
(0.03) 
(O.O3) 
(0.02) 
Combined 0.05 (0.01) -0.03 (0.01) 
Ear-row 
number 
Kanawha 
Ames 
Ankeny 
1.82 
1.22 
2.52 
inn 
(0.54) 
0.17 
2.01 
0.04 
(0.54) 
(1.68) 
(0.63) 
Combined 1.74 (0.34) -0.79 (0.40) 
300-kemel 
weight 
Kanawha 
Ames 
Ankeny 
33.43 
10.43 
71.90 
(12.63) 
(10.61) 
(19.47) 
51.36 
107.26 
29.12 
(20.70) 
(21.69) 
(26.69) 
Combined 40.07 (8.80) 
-23.57 (11.92) 
Ear 
height 
Ames 
Ankeny 
60.05 
233.11 
(32.58) 
(46.32) 
338.33 
-29.46 
(57.66) 
(52.14) 
Combined 54.55 (26.81) 288.71 (45.48) 
Silking Ames 0.99 (0.65) 5.72 (1.24) 
date 
Standard error of the estimate . 
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'Axl 'GXI 
2.48 
3.64 
3.37 
(0.75) (0 .70)  
(0.57) 
1.00 (0.31) 
749.12 (366.46) 
202.45 (165.38) 
630.95 (152.17) 
104.32 (88.57) 
0.08 
0.13 
0.03 
(0 .02 
(0 .00)  
(0 .02)  
0.02 (0.01) 
1.99 
3.23 
2.56 
0.95 
84.79 
117.69 
101.03 
16.50 
398.37 
193.65 
343.25 
6.71 
(0.32) 
(1.64) 
(0.3I) 
(0.20) 
(16.41) 
(18.92) 
(18.25) 
(8.04) 
(47.58) 
(23.93) 
(36.74) 
(1.05) 
-0.47 (0.16) 
204.27 (88.57) 
-0.10 (0.01) 
-0.35 (0.08) 
-19.20 (4.30) 
1.27 (6.15) 
2.72 (0.44) 
763.44 (154.97) 
0.07 (0.01) 
2.11 (0.22) 
97.17 (12.48) 
36.12 (12.76) 
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2 Og must be zero or very small positive values. 
Estimates of and OQ for silking date were avail­
able only for Ames. For this location, most of the genetic 
variance was due to dominance deviations (Og). The estimate 
of cr^ was small and not significantly different from zero. 
The interaction of the additive x location variance was 
estimated for all traits but silking date (Table 5)» The es-
timate of cr^^l was negative for ear length, ear diameter, 
kernel-row number, and 300-kernel weight. The estimate of 
0^2^ for yield per plant was positive and significantly dif-
ferent from zero. The estimates of were positive and sig­
nificantly different from zero for all traits. 
The estimates of the additive total genetic 
(Ogg,), and phenotypic (Opp,) covariances between pairs of 
traits for which comparable data were available for the com­
bined analysis are given in Table 25 of the Appendix. Esti­
mates of variance and covariance from tie combined analysis 
were used to estimate the additive (r^), genetic (r^), and 
phenotypic (rp) correlations given in Table 6. Standard errors 
were calculated only for the genotypic correlations. The 
correlation between grain yield per plant and the yield com­
ponents found herein were disappointingly low. The most obvi­
ous feature in Table 6 is the fact that none of the genotypic 
correlations was significantly different from zero, which sug­
gests that no genetic association exists between any pair of 
traits studied in Iowa Long Ear Synthetic. Ear length tended 
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Table 6. Estimates of additive (r^)i genotypic (Tq), and 
phenotypic (rp) correlations among five traits of 
Iowa Long Ear Synthetic calculated from the combined 
variance and covariance analysis 
Yield 
Ear 
diameter 
Ear-row 
number 
300-
kernel 
weight 
Ear 
length 
.0314 
.3829 a 
(.2948)^ 
-.4303 
-.4435 
(.3186) 
-.4216 
-.3425 
(.2254) 
-.1186 
.1992 
(.2656) 
.4528 .0805 -.0699 .1632 
Yield .3326 -.0862 .0389 
.0914 
(.4235) 
.0071 
(.2977) 
.1887 
(.4316) 
.4822 .1596 .2904 
Ear 
diameter ^A 
^G 
^P 
.7045 
.2715 
(.2552) 
.4088 
.0139 
-.0980 
(.3411) 
.2653 
Ear row 
number ^A 
^G 
^P 
-.5028 
-.6944 
(.3560) 
-.4010 
^Number in parentheses is the standard error of r^. 
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to have a negative genetic association with ear diameter and 
ear-row number. Also ear row number tended to have a negative 
genetic association with 300-kernel wei^t. A relatively hi^ 
positive additive correlation (.70^5) was obtained for ear 
diameter with ear-row number. 
The approximate estimates of heritability on a per plant 
basis for the seven traits studied, together with their 
approximate standard errors, are listed in Table 7. All the 
estimates of heritability, except that for silking date, were 
within two standard errors of the estimate; however, they were 
relatively low in all the cases. 
Table 7. Approximate heritability estimates on a per plant 
basis for seven traits measured in Iowa Long Ear 
Synthetic 
Trait Heritability 
Ear length .0764 ± .0178 
Yield .0260 ± .0110 
Ear diameter .0765 ± .0170 
Ear-row number .2248 ± .0447 
300-kemel weight .0825 ± .0181 
Ear height .0934 ± .0459 
Silking date .0404 ± .0267 
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Althou^ the genetic correlations were found to be of 
no predictive value, the predicted correlated responses and 
predicted merit of indirect selection were calculated for 
characters for which comparable data were available; these 
are given in Table 8. The predicted direct responses are 
also given in Table 8. 
The predicted correlated response per generation of mass 
selection of yield per plant when selecting for ear length, 
ear diameter, ear-row number, and 300-kernel weight were 1.411, 
0.337. 0.045, and 0.723 grams, respectively. However, if we 
select directly for yield we expect a response of 2.149 grams 
grain yield per plant per generation of mass selection; that 
is, 525É more grain yield per plant than the best correlated 
response. The predicted direct response for ear length was 
0.323 centimeters per generation of mass selection, but at the 
same time we should expect a decrease in ear diameter and ear 
row number of 0.026 centimeters and 0.118 row. From Table 8 
it is clear that all of the estimates of the relative selec­
tion efficiency are in favor of direct selection. 
B. Experimental Results from Mass Selection 
The experimental means and coefficients of variation of 
the various agronomic traits measured in the original and 
derived populations of Iowa Long Ear Synthetic and three 
checks grown in five locations are listed in Table 9» Data for 
silking date were collected from only two locations. In 
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Table 8. Direct and correlated responses and merit of in­
direct selection^ expected from mass selection in 
Iowa Long Ear Synthetic 
Unselected trait 
Selected 
trait 
Ear 
length 
Ear 
diameter 
Ear-
row 
number 
300-
kemel 
weight Yield 
Ear length 
(cm) 
0.323 
100 
-0.026 
-44 
-0.118 
-20 
0.330 
19 
1.411 
66 
Ear diameter 
(cm) 
-0.143 
-44 
0.058 
100 
0.094 
16 
-0.162 
-9 
0.337 
16 
Ear row 
number 
-0.190 
-59 
0.027 
47 
0.591 
100 
-1.970 
-115 
0.045 
2 
300-kemel 
weight (g) 
0.067 
21 
-0.006 
-10 
-0.249 
-42 
1.719 
100 
0.723 
34 
Yield (g) 0.072 
22 
0.003 
5 
0.002 
0 
0.182 
11 
2.149 
100 
Direct and correlated responses in actual units of mea­
surement are given in the upper figure of the diagonal and off 
diagonal, respectively. 
^Merit of indirect selection is given in the lower figure, 
as percentage of direct selection. 
Table 9» Average (X) and coefficient of variation (C.V.) for nine traits measured 
in the original and subpopulations of Iowa Long Ear Synthetic and three 
checks grown in five Iowa locations in 1976 
Location 
Ear 
length 
cm 
Diameter 
Yield Ear Cob 
g ————cm————" 
300-
Kernel Ear- kernel 
depth row weight 
cm number g 
Ear 
height Silking 
cm date* 
Average (X) 
Kanawha 18.64 112.09 4.18 2.81 0.69 15.75 68.59 104 
64 Agronomy Farm 18.95 107.09 4.19 2.82 0.69 15.59 68.00 89 29. 
(Ames) 
0.60 76.51 Hinds Farm 17.61 68.68 3.95 2.76 14.44 100 27. 23 (Ames) 
Ankeny 20.72 146.62 4.46 2.93 0.77 15.85 74.87 113 
Martinsburg 20.56 153.71 4.49 2.92 0.78 15.56 83.54 109 
44 Combined 19.30 117.64 4.25 2.85 0.70 15.43 74.30 103 28. 
Coefficient of variation (C.V.) 
Kanawha 11.52 20.16 
Agronomy Farm 14.90 23.86 
(Ames) 
Hinds Farm 
(Ames) 
Ankeny 8.80 20,45 
Martinsburg 6.89 15-47 
Combined 10.72 21.93 
8.24 
6.45 
6.91 
6.66 
14.63 
13.42 
6 . 2 0  
6.55 
4.53 
3.39 
6.67 
4.88 
3.51 
5.92 
9.62 
10.43 
16.41 
6.82 
5.29 
6.61 
10.41 
10.33 
10.61 38.50 9.69 7.09 31.77 8.08 12.72 
11.33 
9.50 
10.93 
8.00 
6.87 
7.90 
7.79 
4.84 
7.19 
5.77 
6.52 
6.13 
Silking date given in days from July 1. 
j 
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general we can classify the different locations into two 
groups according to the maize growing conditions present in 
the 1976 crop: Kanawha, Agronomy Farm (Ames), and Hinds Farm 
(Ames) being the first group, where drought and other factors 
present in I976 were detrimental for the expression of the full 
yield potential of the populations under study, and Ankeny and 
Martinsburg in the second group, where conditions were near 
optimum for the expression of yield potential. The maximum 
and minimum yields were attained at Martinsburg and Hinds 
Farm with means of 153.7I and 68.68 grams per plant, respec­
tively. The average over the five locations was 117.64 grams 
per plant. There was a large variation in yield among loca­
tions. The difference in yield between the Hinds Farm and 
Kanawha and the Agronomy Farm was due mainly to a lack of 
nitrogen fertilization at the Hinds Farm location. The ex­
periment at Ankeny sustained a high incidence of stalk break­
age after silking; I suspect that differences in yield per­
formance between this location and Martinsburg can be attribu­
ted to stalk lodging. 
Little fluctuations in ear length were observed among 
the locations of the first group with a mean of 18.4 centi­
meters (Table 9). The average ear length for Ankeny and 
Martinsburg was almost the same (20.72 and 20.56 centimeters, 
respectively). A similar trend is observed in ear and cob 
diameter, kernel depth, and ear-row number with an average 
over the five locations of 4.25, 2.85, and O.7O centimeters 
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and 15.43 rows, respectively. The averages for 300-kemel 
weight, ear height, and silking date were 74.30 grains, I03 
centimeters, and 28.44 days, respectively. 
The coefficients of variation for the various traits 
generally were lower in the Ankeny and Martinsburg locations 
than in the other three locations. The large coefficients 
of variation for yield were obtained mainly because of low 
yield means and not because of large experimental errors. The 
means for the vsirious traits for each location are given in 
Tables 26 to 30* 
The combined analysis of variance for the various traits 
measured in the original and derived populations of Iowa Long 
Ear Synthetic and three checks are presented in Table 10. 
Highly significant differences among populations for all 
traits except cob diameter were detected by the F-test. In 
spite of the marked fluctuations in growing conditions among 
the locations, the population x location interaction was sig­
nificant only for yield at the ,05?^ probability level. The 
individual analysis of variance for each trait are given in 
Table 31 of the Appendix. 
The analyses of variance for the linear model of nine 
traits measured in the original and derived populations from 
every second generation of divergent mass selection for ear 
length in Iowa Long Ear Synthetic are given in Table 11. The 
sum of squares for populations was partitioned into sum of 
squares due to linear regression and deviations from regression 
Table 10. Combined analyses of variance of nine traits mea­
sured in the original and derived populations of 
Iowa Long Ear Synthetic and three checks grown in 
five locations 
Traits 
Source of Ear Ear 
variation D.F. length Yield diameter 
Mean squares 
Locations (L) 4 210.42 140385.50 5.90 
Replications/L 15 6.87 1870.52 0.14 
Populations (P) 29 110.49^^ 6961.Ol*» 0»Z6** 
P X L 116 5.01 860.13^ 0.09 
Error 435 4.28 665.31 0.08 
^Combined analysis for two locations. Degrees of free­
dom given in parentheses. 
•.••Statistically significant at the .05 and .01# 
probability level, respectively. 
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Traits 
Cob 
diameter 
Kernel 
depth 
Ear-row 
number 
300-
kernel 
weight 
Ear 
height Silking date^ 
Mean sauares 
0.69 0.66 38.74 4882.46 10105.76 348.00 (1) 
0.04 0.02 1.37 121.20 512.12 2.75 (6) 
0.04 0.06** 3.73** 155.00** 1588.59** 29.02** (29) 
0.03 0.01 1.23 72.34 63.60 4.69 (29) 
0.03 0.01 1.04 65.98 55.05 3.04 (174) 
Table 11. Analysis of variance for the linear model of nine 
agronomic traits measured in the original and de­
rived populations from every second generation of 
divergent mass selection for ear length in Iowa 
Long Ear Synthetic 
Traits 
Source of 
variation D.F. 
Ear 
length Yield 
Ear 
diameter 
Mean squares 
Total 54 46.69 5381.43 0.29 
Locations (L) 4 63.12 49514.60 2.60 
Populations (P) 10 208.90^^ 6248.99*^ 0.24*^ 
Linear 
regressions 2 1029.90** 290^0,72** 0.78*^ 
Average linear 1 55-82** 13920.43^^ 0.12 
Among b^j's 1 2003.97*^ 44121.02^^ 1.44*^ 
Deviations 8 3.65 551.38 0.10 
P X L 40 4.49 751.22 0.07 
^Combined analysis for two locations and degrees of 
freedom are given in parentheses. 
•.••Statistically significant at the .05 and .01# 
probability level, respectively. 
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Traits 
300-
Cob Kernel Ear-row kernel Ear 
diameter depth number weight height Silking date 
Mean squares 
0.04 0.04 3.71 223.17 849.63 24.84 (21) 
0.26 0.31 17.87 2293.10 3538.50 132.63 (1) 
0.04 0.05** 5.91** 62.80 2874.45** 34.83** (10) 
0.00 0.20** 18.88** 40.36 13282.54** 118.84** (2) 
0.00 0.03 0.06 66.53 921.83** 66.61** (1) 
0.00 0.36** 37.70** 14.19 25643.24** 171.07** (1) 
0.05 0.01 2.67 68.39 272.13* 13.82 (8) 
0.02 0.01 1.74 56.27 74.52 14.02 (10) 
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with 2 and 8 degrees of freedom, respectively. Similarly, the 
sum of squares for linear regression was partitioned into sum 
of squares due to average linear regression and among linear 
regressions with one degree of freedom each. A sig­
nificant among linear regressions mean square suggests that 
the responses for long and short ear length selections were 
different. Analysis is given only for the linear model be­
cause no significant deviation from linearity was detected in 
the traits studied except ear height. For this trait, however, 
the relative size of the quadratic response was small; there­
fore, it was not considered for further analysis. Table 11 
shows highly significant differences among populations for all 
traits except cob diameter and 300-kernel weight. In all in­
stances where differences among populations were detected, the 
linear response to long and short ear length selection was 
different as indicated by the F-test. 
Table 12 shows the analyses of variance for the linear 
model of nine traits measured in the original population and 
population crosses (Long x Short) of every second generation 
of divergent mass selection for ear length in Iowa Long Ear 
Synthetic. The sum of squares for populations was partitioned 
into sum of squares due to linear regression and deviations 
from regression with 1 and 4 degrees of freedom, respectively. 
Significant differences among populations were found only for 
ear height at the .01# probability level. However, the mean 
square due to linear regression was not statistically 
Table 12. Analyses of variance for the linear model of nine 
agronomic traits measured in the original popula­
tion and population crosses (Long x Short) of every 
second generation of divergent mass selection for 
ear length in Iowa Long Ear Synthetic 
Traits 
Source of Ear Ear 
variation D.F, length Yield diameter 
Mean squares 
Total 29 12.29 4516.70 0.24 
Locations (L) 4 61.27 28715.01 1.24 
Populations (P) 5 4.10 504.25 0.16 
Linear regression 1 7.06 1462.81 0.34 
Deviations 4 3.36 264.62 0.11 
P X L 20 4.54 680.15 0.07 
^Analysis for two locations and the degrees of freedom 
are given in parentheses. 
••Statistically significant at the .01# probability level. 
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Traits 
Cob 
diameter 
Kernel 
depth 
Ear-row 
number 
300-
kernel 
weight 
Ear 
hei^it 
Silking 
date& 
Mean sauares 
0.07 0.03 1.81 173.84 409.01 7.27 (11) 
0.23 0.11 5.39 714.67 2434.16 50.02 (1) 
0.05 0.01 1.59 67.64 222.48** 1.03 (5) 
0.09 0.02 3.40 202.69 514.62 1.21 (1) 
0.04 0.01 1.14 33.88 149.44 0.99 (4) 
0.04 0.01 1.15 92.73 50.61 4.97 (5) 
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significant at either .01 or .0595 probability levels. 
The original population and population crosses between 
original and every second generation of selection for long and 
short ear length were analyzed in the same manner for popula­
tions per se. The analysis of variance for these populations 
is given in Table 13» No significant deviations from linearity 
was observed in the traits under study. Significant differ­
ences at either .01 or .05 probability levels were found only 
for ear length, yield, ear height, and silking date. For 
these traits the response to long and short ear length selec­
tions was different. 
The observed (Y) and estimated (Y) means of nine traits 
for the original and derived population of Iowa Long Ear 
Synthetic are listed in Tables 14 to 22, The linear regres­
sion coefficients (b) of observed means on generations of 
selection and the coefficients of determination (R ) also are 
given in Tables 14 to 22. Significance of the b-values was 
determined by a t-test. Since deviations from the linear 
model were nonsignificant for all traits except ear height in 
the populations per se, the linear regression coefficient (b) 
gives the best measure of the response from mass selection and 
the estimated means (Y) are probably a better estimate of the 
genotypes studied than the observed means. 
The observed and estimated means for ear length are 
given in Table 14. The regression of ear lengths on genera­
tions of selections is shown in Figures 1 and 2. Ten genera-
Table 13» Analyses of variance for the linear model of nine 
agronomic traits measured in the original popula­
tion and crosses between the original and derived 
population from every second generation of diver­
gent mass selection for ear length in Iowa Long 
Ear Synthetic 
Traits 
Source of 
variation D.F. 
Ear 
length Yield 
Ear 
diameter 
Mean sauares 
Total 54 17.44 4361.32 0.22 
Locations (L) 4 71.52 47155.84 1.80 
Populations (P) 10 kk.SZ** 1940.84*^ 0.14 
Linear regressions 2 208.60^^ 4554.20^ 0.10 
Average linear 1 12.00 183.40 0.16 
Among b^j's 1 196.60^^ 4370.80* -0.06 
Deviations 8 3.48 1287.40 0.16 
P X L 40 5.28 686.96 0.08 
^Analysis for 2 locations and degrees of freedom are 
given in parentheses. 
•.••Statistically significant at the .05 and .01% 
probability level, respectively. 
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Traits 
300-
Cob Kernel Ear-row kemel Ear 
diameter depth number weight height Silking date^ 
Mean squares 
0.04 0.02 1.92 185.34 468.16 12.33 (21) 
0.20 0.20 11.28 1592.43 3998.40 113.64 (1) 
0.03 0.02 1.56 68.11 758.48** 10.94* (10) 
0.04 0.00 3.14 8.17 3486.80** 34.72** (2) 
0.06 0.01 0.06 15.60 74.20 0.02 (1) 
-0.02 —0.01 3.08 -7.43 3412.60** 34.70** (1) 
0.03 0.02 1.18 83.00 76.00 5.04 (8) 
0.04 0.01 1.04 73.96 42.56 3.59 (10) 
Table 14. Observed (Y) and estimated (Y) ear length means (cm) with the estimated 
response (b) and coefficient of determination (R^) for the original and 
derived population of Iowa Long Ear Synthetic 
Genera­
tion 
(i) 
Long (L^) (Short (L^) L^ X Si Original x L^ Original x 
Y 
A 
Y Y Y Y Y 
A 
Y Y Y 
0 19.71 19.52 19.71 19.52 19.71 19.57 19.71 19.72 19.71 19.72 
2 20.09 20.16 18.55 18.25 18.89 19.43 20.35 20.00 19.00 19.14 
4 20.97 20.80 16.35 16.98 19.75 19.29 20.04 20.28 18.01 18.57 
6 20.87 21.44 16.05 15.71 19.05 19.14 20.66 20.58 18.38 17.99 
8 21.81 22.08 14.73 14.44 19.28 19.00 21.50 20.85 17.45 17.42 
10 23.22 22.72 12.94 13.18 18.62 18.86 20.59 21.13 16.84 16.84 
b-value 0.32 ± 0.05** -0.64 ± 0.05** -0.07 ± 0.05 -
H d 0.04** -0.29 ± 0.04** 
R^-value 0. 99 0. 99 0.34 0.94 0.94 
**P < .01. 
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Figure 1. Direct response of ear length to divergent mass selection in Iowa 
Long Ear Synthetic for ear length 
•  Observed mean In  long ear  se lect ion 
+  Observed mean In  short  ear  se lect ion 23-
vt k 01 2 2 -
•4-> 
« E 
21-
•4-> 
C 0» 
o 20-
c 
« 
t-to 
Ul 
0 2 4 6 8 1 0  
Generat ion of  Select ion 
Figure 2, Response of ear length in population crosses (Original x L- and Original x 
Sj^ ) to divergent mass selection for ear length in Iowa Long Ear Synthetic 
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tiens of mass selection for long ear length produced a highly 
significant increase in ear length of 0,32 centimeters per 
generation. The estimates of the observed response was exactly 
the same as the predicted response (Table 8) by using the es­
timate of the genetic parameters of the original population. 
However, the response in the short selection was twice as large 
as predicted (-0.64 centimeters per generation). The linear 
regression coefficients for the Original x and Original x 
populations were 0.14 and -0.29 centimeters, respectively. 
These values were significant at the .01^ probability level 
which suggests that there was a highly significant increase 
and decrease in general combining ability for ear length in 
Iowa Long Ear Synthetic through ten generations of mass selec­
tion for ear length in the upward and downward directions, 
respectively. It is interesting to observe that the response 
in the downward direction was twice as large as in the upward 
direction which is the same as the response in the populations 
per se. The estimated regression coefficients, however, were 
approximately half as great in crosses with the original 
population as for the populations per se in both instances. 
Figure 2 shows the trend in general combining ability for ear 
length. 
The linear regression coefficient for the Long x Short 
(Li X S^) population crosses was not statistically different 
from zero. This suggests that there is no significant hetero­
sis for ear length between the two subpopulations of Iowa 
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Long Ear Synthetic. 
The observed and estimated yield per plant means are given 
in Table 15. The estimated correlated response for yield when 
selecting for long ear length, obtained by least squares 
method, was not significantly different from zero. However, 
when selection was practiced for short ear length, a highly 
significant negative correlated response of 4.73 grams per 
plant was realized. This figure, 4.73 grams, represents over 
three times the predicted correlated response using genetic 
parameters of the original population (Table 8). The response 
in yield per plant from divergent mass selection for ear length 
is shown in Figure 3* 
The observed yield per plant means for the long ear se­
lection given in Table 15 merit some attention. In the first 
two generations of mass selection for ear length, the response 
in grain yield per plant accounted for a 7*5^ increase over 
the original population. Then from generations 2 to 8, it 
seems that there was a decrease in grain yield, and from 
generations 8 to 10 there was an increase again of 5*7# grain 
yield over the average of generations 4, 6, and 8. I want 
to emphasize that the significant genotype x environment 
interaction for yield (Table 10) could bias the actual breed­
ing value of the genotypes being sampled. A final observa­
tion for grain yield in the long ear length selection is that 
in the experiment located at Ankeny, where the selections were 
made, there was no increase in yield over the original popula-
— A 
Table 15. Observed (Y) and estimated (Y) yield per plant means (g) with the estimated response 
(b) and coefficient of determination (R2) for the original and derived populations of 
Iowa Long Ear Synthetic 
Generation 
(i) 
Long (L^) Short (S*) X Si Original X Lj_ Original X S i 
Y Y Y Y Y Y Y Y 
A 
Y 
0 122, .09 124. 12 122, .09 124 .12 122 .09 122. 96 122 .09 121. 23 122 .09 121 .23 
2 131, .27 123. 62 118, .85 114 .66 119 .62 120. ,91 125 .61 122. 67 116 .31 118 .64 
4 120, .34 123. 12 98, .88 105 .21 120 .14 118. ,87 119 .03 124. 12 113 .36 116 .06 
6 121, .79 122. 62 92, .15 95 .75 117 .05 116. 82 128 .41 125. 56 120 .36 113 .47 
8 116, .33 122. 12 91, .10 86 .30 120 .05 114. 78 137 .26 127. 00 97 .77 110 .89 
10 126, .34 121. 63 76, .86 76 .84 108 .14 112. 74 119 .98 128, .45 116 .21 108 .31 
b-value -0, .25 db 0.55 -4. 73 ± 0.55** -1.1 02 ± 0.44 0. 72 ± 1 0.84 -1# 29 ± 1 0.84 
2 
R -value 0. 93 0. 93 0.58 0.47 0.47 
**P < .01. 
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Figure 3. Correlated response of yield per plant to divergent mass selection for 
ear length in Iowa Long Ear Synthetic 
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tion in any of the generations that were sampled (see Table 
29 of the Appendix). The linear regression coefficients for 
the X , Original x , and Original x populations were 
not statistically significant at either .01 or .05^ probability 
levels. 
Table l6 shows the observed and estimated means for ear 
diameter. Selection for long ear length resulted in a sig­
nificant decrease in ear diameter of 0.02 centimeters per 
generation which is in agreement with the predicted correlated 
response using genetic parameters of the original population 
(Table 8). However, the response in ear diameter when selec­
tion was practiced for ear length in the downward direction 
was not significant as shown by a nonsignificant b-value in 
Table 16. The effect of divergent mass selection for ear 
length in ear diameter is shown in Figure 4. The linear re­
gression coefficients for the x S^, Original x L^, and 
Original x Sj^ populations were not significant at either .01 
or probability levels (Table 16). 
The observed and estimated means for cob diameter are 
given in Table 1?. Selection for either long or short ear 
length resulted in no significant change in cob diameter. All 
linear regression coefficients were not statistically differ­
ent from zero. 
Table 18 shows the observed and estimated means for kernel 
depth. Selection for long ear length resulted in a highly 
significant decrease in kernel depth of 0.01 centimeters per 
Table 16. Observed (Y) and estimated (Y) ear diameter means (cm) with the esti­
mated response (b) and coefficient of determination (R^) for the 
original and derived populations of Iowa Long Ear Synthetic 
Genera­
tion 
(i) 
Long (L^) Short (Si) 
^i : x s .  Original X L. Original x S^ 
Y Y Y Y Y Ï Y ? Y 
0 4. 34 4.29 4.34 4.29 4.34 4.32 4.34 4.31 4.34 4.31 
2 4.29 4.25 4.31 4.30 4.21 4.29 4.30 4.29 4.22 4.29 
4 4.21 4.21 4.26 4.31 4.32 4.26 4.20 4.26 4.36 4.28 
6 4.10 4.17 4.26 4.32 4.19 4.23 4.14 4.24 4.37 4.27 
8 4.12 4.13 4.25 4.33 4.28 4.19 4.34 4.22 4.16 4.26 
10 4.12 4.09 4.4? 4.34 4.11 4.16 4.19 4.20 4.24 4.24 
b-value -0.02 ± 0.01* 0.01 ± 0.01 —0.02 ± 0.01 —0.01 ± 0.01 -0.01 db 0.01 
2 R -value 0. 66 0. 66 0,43 0.13 0. 13 
•P < .05. 
•  Observed mean In  long ear  se lect ion 
+  Observed mean in  short  ear  se lect ion 
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Figure 4. Correlated response of ear diameter to divergent mass selection for 
ear length in Iowa Long Ear Synthetic 
Table 1?. Observed (Y) and estimated (Y) cob diameter means (cmJgWith the esti­
mated response (b) and coefficient of determination (R ) for the 
original and derived populations of Iowa Long Ear Synthetic 
Genera­
tion 
(i) 
Long (L^) Short (Si) L. X Si Original X LJ^ Original x S i  
Y Y Y 
A 
Y Y 
A 
Y Y 
A 
Y Y 9 
0 2.89 2.84 2.89 2.84 2.89 2.88 2.89 2.89 2.89 2.89 
2 2.86 2.85 2.82 2.85 2.83 2.87 2.88 2.88 2.87 2.88 
4 2.89 2.85 2.83 2.85 2.90 2.85 2.88 2.86 2.89 2.87 
6 2.79 2.85 2.81 2.85 2.81 2.83 2.78 2,85 2.87 2.86 
8 2.78 2.85 2.82 2.85 2.86 2.82 2.90 2.84 2.80 2.86 
10 2.91 2.85 2.90 2.85 2.77 2.80 2.81 2.82 2.87 2.85 
b-value 0.00 ± 0.01 0.00 ± 0.01 -0.01 ± 0.01 -0.01 ± 0.01 -0*01 ± 0.01 
2 R -value 0, 00 0. 00 0. 37 0.22 0.22 
Table 18. Observed (Y) and estimated (^} kernel depth means (cm) with the estimated 
response (b) and coefficient of determination (R^) for the original and 
derived populations of Iowa Long Ear Synthetic 
Genera­
tion 
(i) 
Long (L^) Short (Si) Li X Si Original X Li Original x Si 
Y Y 
A 
Y Y Y Y ? Y Y 
0 0.73 0.72 0.73 0.72 0.73 0.72 0.73 0.71 0.73 0.71 
2 0.72 0.70 0.74 0.73 0.69 0.71 0.71 0.71 0.67 0.71 
4 0.66 0.68 0.71 0.73 0.71 0.70 0.66 0.70 0.73 0.70 
6 0.66 0.66 0.72 0.74 0.69 0.70 0.68 0.70 0.74 0.70 
8 0.67 0.64 0.71 0.74 0.71 0.69 0.73 0.69 0.68 0.70 
10 0.61 0.62 0.79 0.75 0.67 0.68 0.69 0.69 0.68 0.70 
b-
value -0.01± 0. 003** o.oo3± 0.003 -0.004± 0.002 -0.002± 0.003 -0.001 db 0.003 
2 R -value 0.80 0. 80 0. 48 0.05 0.05 
**P < .01. 
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generation. This is in agreement with the previous observa­
tion in ear diameter and that cob diameter remains unchanged 
with divergent mass selection for ear length. Selection for 
short ear length produced no significant change in kernel 
depth. Estimates of the genetic parameters for this trait in 
the original population were not available; therefore, we can­
not compare the observed correlated response with a predicted 
correlated response. The effect of divergent mass selection 
for ear length in kernel depth is shown in Figure 5» The 
linear regression coefficients for the x S^. Original z 
and Original x populations were not statistically dif­
ferent from zero. 
The observed and estimated means for ear-row number and 
300-kemel weight are presented in Tables I9 and 20, respec­
tively. For these two traits, there was no statistically 
significant change at either .01 or .05^ probability levels 
over 10 generations of divergent mass selection for ear length. 
The predicted correlated response based on genetic parameters 
of the original population for these two traits were -0.118 
and 0.330 centimeters for selection in the upward and downward 
direction, respectively. At least in sign these values are in 
agreement with the observed correlated response. 
Table 21 shows the observed and predicted means for ear 
hei^t. Selection for long ear length resulted in a signifi­
cant increase in ear height of I.07 centimeters per genera­
tion of selection and selection for short ear length produced 
•  Observed mean In  long ear  se lect ion 
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Figure 5« Correlated response of kernel depth to divergent mass selection for ear 
length in Iowa Long Ear Synthetic 
Table 19. Observed (Y) and estimated (Y) ear-row number means with the estimated 
response (b) and coefficient of determination (R2) for the original and 
derived populations of Iowa Long Ear Synthetic 
Genera- Long (L^) Short (S^) L^ x Sj^ Original x L^ Original x S^ 
tion _ A _ A — A — A — y\ 
( i ) Y Y Y Y Y Y Y Y Y Y  
0 15.35 15.47 15.35 15.47 15.35 15.47 15.35 15.37 15.35 15.37 
2 15.40 15.35 15.55 15.61 15.50 15.51 15.25 15.33 15.50 15.43 
4 15.30 15.23 16.10 15.75 15.75 15.54 15.10 15.28 15.75 15.49 
6 15.05 15.11 15.95 15.90 15.75 15.58 15.00 15.24 15.75 15.56 
8 15.20 14.99 15.25 16.04 15.25 15.61 15.55 15.20 15.25 15.62 
10 14.70 14.87 16.65 16.18 15.75 15.65 15.10 15.15 15.75 15.68 
b-
value -0.06 ±0.04 0.07 ± 0.04 0.02 ± O.O3 -0.02 ± O.O3 O.O3 ± O.O3 
R^-value 0.64 0.64 0.09 0.40 0.40 
Table 20. Observed (Y) and estimated (Y) 300-kemel weight means (g) with the 
estimated response (b) and coefficient of determination (R^) for the 
original and derived populations of Iowa Long Bar Synthetic 
Genera­
tion 
(i) 
Long (L^) Short (S^) h X Si Original x L^ Original x S^ 
Y Y 9 Y Y Y Y Y Y 
0 74.93 73.80 74.93 73.80 74.93 74.85 74.93 74.65 74.93 74.65 
2 75.27 74.06 73.42 74.22 74.07 74.09 74.76 74.51 72.65 74.47 
U 73.73 74.33 74.13 74.65 73.03 73.32 73.81 74.36 74.71 74.28 
6 76.50 74.59 73.21 75.07 71.76 72.56 75.19 74.21 75.39 74.10 
8 72.35 74.85 74.03 75.50 73.98 71.80 77.24 74.06 71.48 73.92 
10 75.97 75.12 78.59 75.92 69.91 71.05 70.95 73.91 75.10 73.73 
b-
value 0.13 
0
 
CM d -
H 0.21 ± 0.20 -0.38 i 0.16 -0.07 
CM CM Ô •
H 
—0.09 ± 0.22 
R^-value 0. 13 0.13 0.60 0. 20 0. 02 
Table 21. Observed (Y) and estimated (Y) ear height means (cm) with the 
estimated response (b) and coefficient of determination (R^) for the 
original and derived populations of Iowa Long Ear Synthetic 
Genera­
tion 
(i) 
Long (L^) Short (SI) LJ^ X Si Original x L^ Original X SI 
Y Y Y * Y Y Y ? Y $ 
0 105.0 106.0 105.0 106.0 105.0 104.9 105.0 103.3 105.0 LO3.3 
2 113.5 108.1 96.1 101.3 106.8 103.7 103.4 104.7 98.6 101.2 
4 115.2 110.2 92.7 96.6 100.6 102.5 109.9 106.1 98.6 99.0 
6 112.8 112.4 92.4 91.9 97.6 101.3 106.1 107.5 96.2 96.9 
8 113.5 114.5 87.6 87.2 101.2 100.1 108.8 108.9 96.2 94.8 
10 114.2 116.7 84.5 82.5 100.4 98.9 110.0 110.3 92.6 92.6 
b-
value 1.07 ± 0.39* -2.35± 0 .39** —0.60 ± 0.33 0.70 ±0.21** —1.07 ± 0 .21** 
R^-value 0. 92 0.92 0.46 0. 92 0,92 
*P < .05. 
**P < .01. 
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a highly significant decrease in ear height of 2.35 centimeters, 
which is twice as much response as in the upward selection. 
Figure 6 shows the response in ear height to divergent mass 
selection for ear length. 
A hig^ily significant increase and decrease in general com­
bining ability in ear height was realized when selection was 
practiced for long and short ear length, respectively. This is 
manifested by the hi^ily significant regression coefficients 
for the Original x (0.70 cm) and Original x (-1.07 cm) 
populations. Figure 7 shows the trends in general combining 
ability for ear height resulting from divergent mass selection 
for ear length. The linear regression coefficient for the 
X population was not statistically significant at either 
.01 or .05J6 probability levels. 
The observed and estimated silking date means are listed 
in Table 22. Selection for long ear length highly significant­
ly increased lateness in Iowa Long Ear Synthetic. However, 
selection for short ear length resulted in no change in silking 
date. Figure 8 shows the response in lateness when selection 
was practiced for long ear length. 
Genotypic and phenotypic correlations among eight traits 
were calculated from the combined analysis of variance and 
cross products of the 2? BSLE subpopulations and three checks. 
These are given in Table 23. I recognize that the check 
entries should not have been included in the analysis if we 
want to compare correlations in the BSLE subpopulations and in 
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Figure 6. Correlated response of ear height to divergent mass selection for ear 
length in Iowa Long Ear Synthetic 
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Figure ?• Correlated response of ear height in population crosses (Original x 
and Original x S^) to divergent mass selection for ear length in Iowa 
Long Ear Synthetic 
Table 22. Observed (Y) and estimated (^) silking date means (days from July 1) 
with the estimated response (b) and coefficient of determination 
(Rc) for the original and derived populations of Iowa Long Ear Synthetic 
Genera­
tion (1) 
Long (L^) Short C81) LI X Si Original . X L^ Original x S^ 
T 
A 
Y Y 9 Y Y Y Y Y 
0 27.75 27.16 27.75 27.16 27.75 27.81 27.75 28.07 27.75 28.07 
2 28.00 28.15 25.88 27.27 27.88 27.90 29.38 28.36 27.38 27.80 
4 30.75 29.13 26.38 27.37 27.75 28.00 29.00 28.66 27.38 27.53 
6 30.75 30.12 28.25 27.47 28.50 28.09 28.38 28.95 26.50 27.26 
8 31.38 31.10 25.88 27.58 28.50 28.18 29.13 29.24 28.50 26.99 
10 30.88 32.09 29.25 27.68 27.88 28.27 29.63 29.53 26.13 26.72 
b-
value 0.49 ± 0.14** 0.05 ± 0.14 0.05 ± 0.04 0.14 ± 0.08 -O.13 ± 0.08 
R^-value 0.68 0.68 0.23 0.63 0.63 
**P < .01. 
• Observed mean In long ear selection 
•f Observed mean In short ear selection 
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Figure 8. Correlated response of silking date to divergent mass selection for ear 
length in lowaLong Ear Synthetic 
Table 23. Genotypic (upper figure) and phenotypic (lower figure) correlations among 
eight traits estimated in Iowa Long Ear Synthetic subpopulations and 
three checks 
Ear 
length Yield 
Ear 
diameter 
Cob 
diameter 
Kernel 
depth 
Ear-row 
number 
300-
kemel 
weight 
Ear 
height 
Ear length 1.00 
1.00 
.01 
.01 
-.54** 
-.40** 
-.13 
.02 
-.49** 
-.41* 
-.96** 
-.77** 
— « 20 
-.11 
.97** 
.93** 
Yield 1.00 
1.00 
.00 
.00 
—. 01 
.00 
.00 
.00 
.00 
.00 
.01 
.01 
.01 
.01 
Ear diameter 1.00 
1.00 
-.21 
.26 
.95** 
.91** 
.56** 
.51** 
.96** 
.71** 
-.94** 
-.44** 
Cob diameter 1.00 
1.00 
-.40* 
-.12 
.03 
.09 
.04 
.11 
-.04 
— « 01 
Kernel depth 1.00 
1.00 •ii:: 
.90** 
.68** 
-.50** 
-.45** 
Ear-row number 1.00 
1.00 
.37 
.20 
.95** 
.76** 
300-kemel weight 1.00 
1.00 
-.14 
-.11 
Ear height 1.00 
1.00 
*P < .05. 
**P < .01. 
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the base population. However, it is believed that the inclu­
sion of the check entries would not greatly change the correla­
tions in the BSLE subpopulations. Comparisons of the correla­
tions (Table 23) with those observed in the base population 
(Table 6) should give us an idea of the trend association be­
tween pair of traits throu^ ten generations of divergent mass 
selection for ear length. 
The genotypic and phenotypic correlations between yield 
and all its components in the original population were rela­
tively low (Table 6). All genotypic correlations were judged 
not significantly different from zero by their large standard 
errors. In Table 23 all of the genotypic and phenotypic 
correlations between yield and its components also were essen­
tially zero. The genotypic correlations between ear diameter 
and ear length and ear-row number in the original population 
and in the subpopulations of BSLE were of the same sign and 
more or less of the same magnitude. The genotypic and pheno­
typic correlations between ear length and 300-kernel weight 
in the base population were low and positive; however, in the 
BSLE subpopulations they were negative, but also low. The 
genotypic and phenotypic correlations between ear length and 
ear row number in the base population were low and negative 
(tq a: -.34, rp = -.07)1 however, in the subpopulations of BSLE 
the correlations were high but also negative (r^ = -.96, 
Tp = -.77). It seems that the negative association observed 
in the original population between these two traits was 
80 
emphasized with divergent mass selection for ear length. Also, 
the correlations between ear diameter and 300-kernel weight 
seem to have increased with selection. The genotypic and 
phenotypic correlations between ear-row number and 300-kemel 
weight in the base population were negative and of intermediate 
magnitude (r^ = -.69, rp = -.40); however, in the subpopula­
tions of BSIE the correlations were positive and low (r^ = .37» 
rp = .20). A series of interesting genetic associations were 
observed in the subpopulations of BSLE between ear diameter 
and kernel depth (r^ = .95) and ear height (r^ = -.5^) and 
between kernel depth and 300-kemel weight (r^ = .90) and ear 
height (Tq = -.50). Unfortunately we cannot compare these 
correlations with the correlations in the base population be­
cause they were not available. 
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V. DISCUSSION 
Predictable response to planned selection is considered 
one of the basic requirements of a scientific plant breeding 
program. In formulating efficient selection schemes we re­
quire an estimate of the type and amount of genetic variance 
in our base population. Furthermore, a knowledge of the 
genetic associations between characters is needed to optimize 
selection procedures and/or predict correlated responses of 
characters not under selection, because in virtually all se­
lection programs more than one character is considered. Two-
way selection experiments in plants to check the adequacy of 
the genetic theory in predicting direct and correlated re­
sponses to selection are scarce. They are needed to fully 
understand the underlying genetic mechanisms that will deter­
mine direct and correlated response to selection. We cannot 
expect that either the direct or the correlated response to 
selection to be predicted exactly. Instead, we expect to be 
able to make subjective judgments as to whether we shall con­
sider any discrepancies between predicted and observed results 
important or unimportant. In all instances, our aim would be 
to understand and account for the factors responsible for such 
possible discrepancies. 
The first step in my study was to obtain estimates of the 
genetic parameters in the base population, Iowa Long Ear 
Synthetic. These were used to estimate the predicted direct 
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response of ear length and correlated responses of yield and 
other agronomic traits from a two-way mass selection experi­
ment. The estimates of genetic variance were obtained by use 
of the biparental or Design I mating scheme. The results from 
the combined analysis of the Design I (Table 5) experiments 
indicate that the additive (a^) genetic variance accounted for 
most of the genetic variance for yield and the components of 
yield considered in this study. A prominent and disturbing 
result of the analysis, however, was the preponderance of 
negative estimates of dominance (a^) genetic variance. These 
results indicate that either the assumptions necessary for the 
estimation of the genetic parameters were not satisfied or 
sampling errors and genotype x environment interaction biased 
2 the estimates obtained, resulting in negative Op estimates. 
A knowledge of how well the assumptions were fulfilled is 
essential to help one to decide on the reliability of the 
estimates. The assumptions have been discussed elsehwere 
(Comstock and Robinson, 1948; Robinson et al., 1955i Robinson 
and Comstock, 1955; Lindsey et al., 1962; and others). The 
possible potential sources of bias will be discussed to account 
for some of the disturbing results noted in my study. 
Linkage does not affect the estimates of genetic variance 
if the population is in linkage equilibrium. However, if there 
is linkage disequilibrium a considerable bias could be expected 
in the estimates of genetic variance. Iowa Long Ear Synthetic 
has not had a long history of random mating. Only three 
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generations of random mating had taken place before the mating 
design was imposed. Thus, the assumption of linkage equilibri­
um may not be valid. The effects of linkage disequilibrium on 
the estimates of the additive and dominance genetic variance 
were studied by Robinson and Comstock (1955)* In Design I, 
the variance of the male effects equals one-fourth of the 
plus any effect due to linkage, assuming no epistasis. The 
2 2 
variance of the female effects (cff/jjj)» contains (o^), plus 
2 • 
one-fourth the and the additional linkage bias associated 
p 
with (7q. Symbolically* 
+ (l-2q3^)a^][l + (l-2qj)aj]u^Uj 
^ J 
= + Il ; 
and 
°f/m = 4 + * 1% . 
^ J 
where 
Uj^ = 1/2 the difference between the effects of the 
homozygous genotypes at the i^^ locus and a^u^ 
is the deviation of the heterozygous genotype 
from the mean of the two homozygotes, and 
A. . = the linkage disequilibrium between the i and j loci. 
^ J 
The amount of linkage bias in the estimation of a? = 
A m 
is and for - o^) is This implies that 
the bieis in in the case of an excess of coupling phase 
linkages is positive, and it is negative in the case of an 
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excess of repulsion phase linkages, since j = (pt-rs)^j, 
where pt and rs are the coupling and repulsion phase gametic 
frequencies, respectively. The linkage bias in the estimates 
of Og would depend upon the gene frequency, the type of gene 
action, and the amount of linkage disequilibrium. For the 
case of no dominance (a - 0), the effects of linkage in the 
estimation of cancel out. In the case of complete dominance 
(a = 1) with q^ = 1/2, the amount of linkage bias in the es­
timate of a? would be 4[2 ZA?. u.u.]. Therefore, the bias for 
^ 2 ij J 
the estimate of Og due to linkage disequilibrium would cancel 
out in the case of no dominance or would be positive for a > 0. 
2 
More likely linkage disequilibrium will overestimate From 
the results of Design I it does not seem that the estimates of 
2 Og were overestimated. Therefore, linkage disequilibrium does 
not seem to be an important source of bias in the estimates of 
genetic variance. 
Epistasis could be another potential source of bias. In 
Design I studies we assume epistasis is absent. If epistasis 
does exist, then for F = 0 and linkage equilibriums 
40= = 0% + + (Vl6)a^ + ... ! and 
= 4 + + (V2)a^ + (1A)<'DD + ' ' -
Thus, dominance genetic variance should be overestimated 
mors than additive genetic variance if epistasis was a serious 
bias. Bias due to epistasis does not seem to be important for 
the estimates of genetic variances estimated in Iowa Long Ear 
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Synthetic. I want to emphasize that the Design I estimates 
of dominance variance may suri se from several types of gene 
action because it is estimated as the remainder of the total 
genotypic variance after removal of the additive 
2 2 genetic variance Since all estimates of o-Q for yield 
and its components considered in this study were negative, we 
can be reasonably certain that nonadditive genetic variance, 
including both dominance and epistasis, is not important in 
Iowa Long Ear Synthetic. 
The statistical genetic theory in studies for the Design I 
is based on the assumption of random mating. Thus, a possible 
2 
explanation for the underestimation of the estimates of 
could have been due to a lack of random mating in making the 
half-sib family groups. Reeve (1961) showed mathematically, 
working with two alleles per locus, that the positive assorta-
tive mating would bias the correlation between sibs. Over-
2 2 
estimation of and underestimation of could result in a 
lower and possible negative estimate of a^. The bias due to 
2 
nonrandom mating would certainly affect the estimates of 
2 
and a-Q for silking date and its correlated traits; this was 
shown to be the case by Lindsey et al. (1962). Lindsey et al. 
(1962) used appropriate forced mating procedures and found 
that they consistently reduced the relative magnitude of 
estimates and increased the estimates. In our study we 
used the same, procedures of Lindsey et al. (I962), and found 
that for silking date, the estimate of was positive and much 
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larger than the estimate of (Table 5)* Although only data 
for one environment were used to estimate such parameters» this 
is evidence that a great deal of bias due to assortative mat­
ing was eliminated. Therefore, it does not seem that non-
random mating was responsible for the negative estimates of 
2 Oq obtained in this study. 
The genotype x environment interaction could drastically 
bias the estimates of genetic variance. Most of the results 
of Design I in our study are based on data collected in three 
environments in only one year. Comstock and Moll (I963) 
pointed out that the genotype x location x year interaction is 
usually greater than either the genotype x year or genotype x 
location interaction. Hanson (1964) calculated the bias intro­
duced when data are collected at 1 locations in each of y years 
and are treated as a random sample of ly environments. The 
bias is a function of the magnitude of the genotype x year 
and genotype x location interactions in relation to the total 
interaction variance. In our study the total genotype x 
environment interaction (g^^^) for yield and its components 
were all positive and larger than either the estimate of 
2 P 
or Ojj (Table 5)* However, the additive x location (g^vl ) 
interaction estimates were all negative and smaller than either 
2 2 the estimate of or except for yield which was positive 
2 2 
and larger than and It seems most likely that the 
genotype x environment interaction would overestimate the 
estimate of the crjj proportionately more than that of additive 
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genetic variance* Although this does not seem to be obvious 
in the Iowa Long Ear Synthetic, we could not discard the 
possibility of bias introduced by genotype x environment inter-
2 2 
actions in the estimates of and 
The last possible source of bias in the estimation of 
genetic parameters to be discussed is that of sampling errorsi 
i.e., the negative estimates of resulted from sampling 
errors in estimating a quantity which is either zero or a 
small positive value. Marquez-Sanchez and Hallauer (1970a, 
1970b) suggested that an insufficient sampling of the base 
2 population may be the cause of the negative estimates. 
2 2 They estimated 0^ and for several sample sizes, using 
Design I. They concluded that one should use at least four 
females per male, or ideally six or eight females per male, 
mated to at least 48 males. In the present study we used four 
females for each of 84- males. If four females were not enough 
2 for an adequate sampling, then, by chance could be overes-
2 timated and underestimated. I should emphasize that the 
2 2 
estimates of and aire not independent in Design I. In 
our study they were estimated, for the case of two replica­
tions and three locations, as follows* 
P Mf. — Ml, - Mo + Mo 
= -2 ^—2 £ ; and 
« -Mg + 5M/1 + Mq - 5Mp 
= 2 . 
where M^, M^, M^, and Mg are the mean squares for male parents, 
females mated to the same male, male x location interaction. 
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and females within males x location interaction, respectively. 
2 2 
From the above equations, the interdependence of and Og is 
clear. Both are linear functions of the same mean squares but 
with opposite signs. If and Mg are hi^ and/or and 
are low due to random errors of sampling, the overestimation 
p 2 
of and underestimation of would result. I suspect that 
this is what most likely occurred in our study with Design I. 
The nature of genetic correlation is poorly understood. 
The current theory relates it solely to additive gene effects 
and assumes a linear relationship between them; that is, the 
genetic correlation measures the extent to which one character 
is additively related to another, and, consequently, the change 
in one will accompany changes in the other. Interpretation 
of observed correlations are subject to serious errors if the 
estimates are biased. Genetic correlation between traits can 
be due to pleiotropic action of genes or linkage. The degree 
of genetic association between two traits as a result of 
pleiotropy, measures the degree with which these traits are 
influenced by the same genes. In the case of linkage the 
strength of the association depends upon how strongly the loci 
are linked. Sufficient random mating would eventually lead 
to linkage equilibrium, that is, when the coupling and repul­
sion phases of the double heterozygotes become equally 
frequent. 
In Iowa Long Ear Synthetic, all genotypic correlations 
studied were low and declared not significantly different from 
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zero as suggested by their large standard errors (Table 6). 
The magnitude of the standard error of the genotypic correla­
tion depends on the magnitude of the genotypic correlation. 
Therefore, it is difficult to determine the significance of the 
deviations of the genotypic correlation from zero in case of 
a low degree of association due to large sampling errors of 
the genotypic correlation. Tallis (1959) emphasized that the 
use of sampling errors to test the significance of the genetic 
correlation assuming a normal distribution is not necessarily 
appropriate since the distribution is unknown. However, for 
practical purposes, it seems to be a satisfactory solution. 
Since all genotypic correlations (Table 6) and all the 
heritability (Table 7) estimates were low, the predicted 
correlated responses were also low (Table 8). Falconer (1953) 
distinguishes three main types of correlated responses; 
1. If the two characters are uncorrelated genetically, 
no correlated response would be expected, but the 
secondary character may nevertheless show undirected 
departures from normality following selection for the 
primary character; 
2. If the two characters are correlated genetically, the 
secondary character will show a directed change fol­
lowing selection for the primary character; and 
3» If the secondary character forms an important compo­
nent of total fitness, it might be expected to decline 
in response to selection of the primary character in 
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either direction. 
Mass selection was conducted in the upward and downward 
directions for ear length in Iowa Long Ear Synthetic through 
ten generations. The responses in ear length and ei^t other 
agronomic traits, which need an explanation, can be summarized 
t as follows* 
1. The response of ear length to selection was signifi­
cant in both directions. However, the response in 
the downward direction was twice as large as for 
the upward direction (Figure 1). 
2. None of the responses studied in the population 
crosses (Long x Short) was significant, suggesting 
a nonsignificant average heterosis. 
3. The response for ear length observed in the population 
crosses (Original x Long and Original x Short) were 
both significant. However, the response in the down­
ward direction was twice as large as in the upward 
direction (Figure 2), and both were one-half as large 
as those observed in the corresponding populations 
£er se. 
4. There was no correlated response for yield in the 
upward direction, but the correlated response in the 
downward direction was significant and over three 
times greater than the predicted (Figure 3). The 
correlated responses observed in the population 
crosses (Original x Long and Original x Short) were 
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not significant. 
5. The correlated response for ear diameter and kernel 
depth were both negative and significant in the upward 
selection (Figures 4 and 5t respectively). No change 
in these traits was realized in the downward direc­
tion. The correlated responses in the population 
crosses also were not significant. 
6. Cob diameter, ear-row number, and 300-kernel weight 
remained unchanged with ear length selection in both 
directions and in all populations. 
7. The correlated response in ear height was significant 
in both directions. The correlated response in the 
downward direction, however, was twice as large as 
for the upward direction (Figure 6). Also, the corre­
lated responses observed in the population crosses 
(Original x Long and Original x Short) were signifi­
cant and asymmetric (Figure 7). 
8. Silking date increased significantly with the upward 
selection but remained unchanged in the downward se­
lection (Figure 8). The correlated responses observed 
in the population crosses were not significant. 
Under the assumption that the response is linear, the 
best measure of the average response per generation is obtained 
from the slope of a regression line fitted to the generation 
means. The variation among generation means appears as error 
variation about the regression line, and the standard error of 
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the estimate of response is based on this variation among gen­
erations. The variation due to changes of environment can, 
sometimes, be overcome, or at least reduced, by the use of a 
control population selected in the opposite direction. Fal­
coner (i960) in his selection experiments measured the response 
from the divergence of the two selected populations and found 
a response twice as great as that of the populations separately, 
and the variation between generations was reduced to the extent 
that the environmental changes affected both populations alike. 
Falconer (i960) also states that when there is asymmetry of 
response the mean of the responses in the two directions will 
presumably correspond with the response predicted from the 
resemblance between relatives. Therefore, the response pre­
dicted will be about the mean of the two-way responses actually 
obtained. 
Inspection of Figure 1 shows that the ear length means 
for both up and down selections, progress in a more or less 
regular fashion which suggests that the assumption of constant 
progress from selection is justified. In this experiment, the 
responses considering the divergence between the upward and 
downward selection populations were calculated but not pre­
sented in the results. The total response in ear length esti­
mated by considering the divergence was 10.00 ± 1.40 centi­
meters for the populations per se and 3.4 ± 0.8 centimeters 
for the population crosses. These responses are overestima-
tions of the real situation observed in the upward direction. 
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Also the standard errors of the estimated responses from the 
divergence were larger than those for the responses consider­
ing each population separately (Table 14). 
The possible causes of asymmetry were discussed by 
Falconer (1954, I960). These include* 
1. Differences in selection differential, 
2. Scale effects, 
3. Inbreeding depression, 
4. Directional dominance, and 
5. Unequal gene frequencies. 
The selection differential may differ, between the upward 
and downward selection for several reasons: (a) natural selec­
tion may aid artificial selection in one direction and retard 
it in the other, (b) the viability may change so that a higher 
selection intensity is achieved in one direction than in the 
other, and (c) the total variance may change as a result of 
the change of the mean. In our study we applied equal selec­
tion procedures to select for long and short ears; that is, we 
applied the same selection pressure in both directions of 
selection. We also noticed that the asymmetry observed could 
not be accounted for by any possible change of selection 
differential. 
If the actual arithmetic scale for the measurement of the 
selected trait is unsuitable, then a scale transformation is 
required before other sources of asymmetry can be properly 
assessed. Falconer (1953) indicated that most scaling effects. 
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if present, can be largely eliminated by measuring the response 
per unit of selection differential, that is, the realized 
heritability. Since we did not record the selection differen­
tials, we could not do this. When asymmetry results by scal­
ing effects, the most common problem is that the variance is 
correlated with changes in the mean resulting from selection. 
Other things being equal, the progress expected from selection 
is proportional to the phenotypic standard deviation. There­
fore, if the variance follows the mean, declining in the short 
ear selected population and increasing in the long ear selected 
population, so will the response become progressively less in 
the short ear selection and greater in the long ear selection. 
The asymmetry observed in Iowa Long Ear Synthetic for ear 
length was just the opposite of what would have been expected 
if the variance would have been correlated with the cycle 
means. Thus, the asymmetry observed could not be accounted 
for an unsuitable scale of measurement. 
Inbreeding could be a potential factor in causing 
asymmetry in two-way selection experiments. If the character 
selected is subject to inbreeding depression and the degree of 
inbreeding increases during the course of selection, an 
asymmetrical response will result because the inbreeding de­
pression will reduce the change in the upward direction and 
increase the change in the downward direction. In the present 
study, the direction of asymmetry of ear length was that sug­
gested by inbreeding depression. Although Hallauer and Sears 
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(1973) have found that ear length in maize is subject to in­
breeding depression, we believe that the population size used 
(300/4000) in our selection experiment was large enough so 
that inbreeding alone could not be responsible for the 
asymmetry. 
If the majority of the genes controlling a trait are 
dominant in one direction instead of being more or less equally 
distributed between those that increase and those that decrease 
the trait under selection, greater progress would be made in 
the direction in which the genes are recessive. This situa­
tion is referred as directional dominance. In Iowa Long Ear 
Synthetic, we believe that directional dominance contributed 
to the asymmetry observed in ear length. In Table 14, we ob­
serve that the mean ear length of the population crosses 
(Long X Short) follov/s more closely the mean of the long ear 
selection, which suggests that genes for long ears tend to be 
dominant over the genes for short ears. The extent of the 
contribution of directional dominance to asymmetry, however, 
cannot be completely assessed. The average heterosis for ear 
length and all other traits studied was not significant judged 
by a nonsignificant coefficient of regression for the popula­
tion crosses (Long x Short), but this is not sufficient ground 
for concluding that the individual loci show no dominance. 
Gardner, Harvey, Comstock, and Robinson (1953) have pointed 
out that caution needs to be taken in assuming a lack of 
dominance for individual loci determining quantitative 
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characters* If the dominance deviations in the plus and the 
minus direction tend to cancel one another, the may equal 
the mean of its parents. It is, therefore, possible to have 
a high average degree of dominance even though the net effect 
in the is small. 
The last potential cause of asymmetry to be considered 
is unequal gene frequencies. If the frequency of alleles 
for, say, short ear length is much lower than that of alleles 
for long ear length, then there would be more opportunity for 
progress towards short ear length, and, as a result, the 
response would be asymmetrical. When Iowa Long Ear Synthetic 
was synthesized, only long-eared inbred lines were used in its 
formation; therefore, it is expected that genes for long ear 
length would be at higher frequencies than those for short ear 
length. Thus, the asymmetry observed in our study also can be 
accounted for by unequal gene frequencies at the beginning of 
the selection experiment. It seems, therefore, that the 
dominance of genes and greater frequencies of genes for long 
ears can explain our results for asymmetry of response to 
divergent selection for ear length in Iowa Long Ear Synthetic. 
The correlated response of grain yield per plant was 
shown in Figure 3* Although we have had success in increasing 
ear length, this was not accompanied by a corresponding in­
crease in grain yield per plant. On the other hand, the suc­
cess in decreasing ear length was accompanied by a significant 
decrease in grain yield per plant. The total correlated 
97 
responses were -2.50 ± 5«50 and -47.30 5*50 grams per plant 
(Table 15) for the long and short ear selections, respectively. 
Thus, the total average correlated response of the two-way 
selection experiment is -24.90 ± 5*50 grams per plant. The 
total correlated response estimated using divergence means 
was 39*00 ± 11.20 grams per plant. 
The correlated response of grain yield per plant to se­
lection for ear length in the downward direction could be ex­
plained by the presence of positively correlated genes at low 
initial gene frequencies. This is a consequence of the 
asymmetry observed in ear length. The estimate of heritability 
of ear length (.0764 ± .0178) was approximately three times 
larger than the estimate of heritability of grain yield per 
plant (.0260 ± .0110), The differences in heritability of 
these two traits suggest that the number of additive genes 
which influence ear length was considerably less than those 
which influence grain yield per plant. Furthermore, we have 
already suggested that genes which influence short ear length 
could have been at lower initial gene frequencies than those 
that influence long ear length; consequently, we could also 
suspect that the pleiotropic genes influencing both short ear 
length and low grain yield per plant were at low initial gene 
frequencies, thus, allowing for a much higher correlated re­
sponse in the downward direction. Bohren et al. (1966) con­
cluded that the rate of development of asymmetry in correlated 
response was inversely related to the number of genes influenc­
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ing the traits. 
The estimate of the genotypic correlation between ear 
length and ear diameter (Table 6) shows that as ear length 
increases we should expect a decrease in ear diameter if the 
correlation is due to genetic causes. That this was tirue can 
be shown by the sigiificant decrease in ear diameter obtained 
after ten generations of long ear length selection (Figure 4). 
On the other hand, the increase in ear diameter was not 
enough to be declared significant with selection in the down­
ward direction. It is interesting to note that the degree of 
asymmetry for ear diameter is the same as that for ear length 
(twice as large in a given direction). The estimated heri-
tabilities for both traits also were the same (Table ?)• The 
estimate of the total correlated response using divergent 
means was -4.40 ± 0,01 centimeters. 
All of the decrease in ear diameter, with increased ear 
length, was due to a decrease in kernel depth because the two-
way selection experiment showed that kernel depth followed 
the same trend as that for ear diameter (Figure 5) and, also, 
that cob diameter remained unchanged in both directions of 
selection. This suggests that any correlated response of yield 
in the upward direction was counteracted by the significant 
decrease in kernel depth. The total correlated response esti­
mated for kernel depth using divergence means was -0.2 ±0.1 
centimeters and the total average correlated response from the 
two-way selection was -0.100 ± 0.003 centimeters. 
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The genotypic correlation between ear length and ear 
hei^t was not calculated in the original population. But from 
the two-way selection experiment it is evident that many of the 
genes that affect ear length also affect ear height in the same 
direction; that is, there is a significant positive genetic 
correlation between the two traits. The total average corre­
lated response from the two-way selection experiment was 17.10 
± 3*90 centimeters (Figure 6) and the estimated total corre­
lated response from divergence means was 13.90 ± 3»30 centi­
meters. The asymmetry of the correlated response for ear 
height is likely a consequence of the asymmetry observed for 
ear length. 
In days to silking, the long ear selected population was 
5 days later than the original population after ten genera­
tions of selection. On the other hand, the short ear selected 
populations remain unchanged in silking date after ten genera­
tions of selection. The total correlated response estimated 
by the divergence means was not significant (0.1 ± 3*0 days). 
The population cross (Long x Short) means for silking date 
tended to follow more closely the means of the short ear length 
selection. This suggests that genes for earliness tend to be 
dominant over the genes for lateness, which is generally the 
case in maize populations. Thus, the asymmetry of the corre­
lated response for silking date could also be explained by 
the asymmetry of ear length. 
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VI. SUMMARY AND CONCLUSIONS 
The purpose of this investigation was to study the direct 
and correlated responses to divergent mass selection for ear 
length in Iowa Long Ear Synthetic. Two phases were involved* 
(1) estimation of the genetic parameters in the base popula­
tion to predict direct and correlated responses from selec­
tion; and (2) evaluation of direct and correlated responses in 
ear and other agronomic traits after ten generations of diver­
gent mass selection. 
A biparental, or Design I, mating scheme was imposed on 
Iowa Long Ear Synthetic to develop 84 half-sib and 336 full-
sib families which were evaluated at three locations in Iowa 
(Kanawha, Ames, and Ankeny) in 1966. From these types of 
relatives, the pertinent estimates of genetic parameters to 
make predictions were obtsdned. 
The results from the combined analysis of Design I indi­
cated that for yield, ear length, ear diameter, ear-row num­
ber, and 300-kernel weight, the additive genetic variance 
accounted for all or most of the total genetic variance, under 
the assumption of no epistasis. For silking date and ear 
height the estimates indicated that the greatest proportion 
of the total genetic variance was due to dominance effects. 
Since all estimates of dominance genetic variance for yield 
and its components were negative, it was suggested that either 
the assumptions necessary for the estimation of the genetic 
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parameters were not satisfied or sampling errors and genotype x 
environment interaction biased the estimates obtained. It was 
found that the most likely source of bias was due to sampling 
errors, which gave rise to negative estimates of dominance 
genetic variance. 
The original and sub-populations of Iowa Long Ear Syn­
thetic were evaluated at five locations in Iowa [Kanawha, Ames 
(Agronomy Farm), Ames (Hinds Farm), Ankeny, and Martinsburg] in 
1976. The original and selection cycle means were used in a 
least squares regression analysis which forced the generation 
means of the long and short ear selections through a common 
origin to estimate the direct and correlated responses to 
divergent mass selection for ear length. The direct response 
of ear length to two-way selection was found to be asymmetrical. 
The predicted and realized response in the upward direction 
were the same. However, the response in the downward direc­
tion was twice as large as predicted. The asymmetry is most 
likely due to unequal gene frequencies in the original Iowa 
Long Ear Synthetic population because the population was syn­
thesized using only long eared inbred lines. It is expected 
that the genes controlling long esur length were at higher gene 
frequencies than those controlling short ear length; therefore, 
a greater response in the downward direction is expected. 
Directional dominance, together with unequal gene frequencies 
also could be responsible for the asymmetry. The evidence 
comes from the comparison between the cycle means of the 
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population crosses (Long x Short) and the populations per 
The mean of the population crosses follows more closely the 
mean of the long-ear selected populations. Thus, the alleles 
for long ears tend to be dominant over those for short ears 
in Iowa Long Ear Synthetic. 
The response of ear length in the upward direction was not 
accompanied by any correlated response in grain yield per plant. 
However, the response of ear length in the downward direction 
was accompanied by a significant correlated response in grain 
yield per plant. The asymmetry of this correlated response is 
most probably explained by the presence of pleiotropic genes 
influencing both short ear length and low grain yield at 
initial low gene frequencies. The lack of any response in the 
upward direction was probably a consequence of the significant 
decrease in kernel depth with the increase in ear length. 
Both ear diameter and kernel depth decreased significantly 
with selection for increased ear length. Selection for short 
ear length tended to increase both traits but the correlated 
response was not significant. The decrease in ear diameter 
with selection for increased ear length is attributed to de­
crease in kernel depth because cob diameter remained unchanged 
with the two-way selection. 
The correlated response of ear height was significant in 
the two directions of selection, but it was also asymmetric. 
The response in the downward direction was twice as large as 
for the upward direction. This asymmetry also could be ex­
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plained as a consequence of the asymmetry of ear length. That 
is, the pleiotropic genes influencing ear length and ear height 
were at an initial lower frequency for the downward direction. 
Selection for greater ear length increased the silking date 
significantly, but the selection for shorter ear length had 
no effect on silking date. Divergent mass selection had no 
significant effect on ear-row number and 300-kernel weight. 
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APPENDIX 
Table 24. Combined analyses of variance for the Design I of seven agronomic traits 
measured in 336 full-sib progenies of Iowa Long Ear Synthetic 
Traits 
Source of 
variation D.F. 
Ear 
length Yield 
Ear Ear-row 
diameter number 
300-
kemel 
weight 
Ear ^ 
height* 
Silking 
dateb 
Mean souares 
Males (M)/ 
Sets (S) 
77 12.97*^ 2871.97** 0.41^^ 12.88^* 320.60*^ 629.56** 
(77) (77)* 
Females (F)/ 
%/8 
154 2.31 1523.79** 0.08 1.02 55.40 68.12** 
(77) 
5.61** 
(252) 
Locations 
(L) X M 
252 1271.74^* 0.13** 3.14^* 118.57** 408.81^* 
(252) 
-
L X F/M 504 3.24^^ 1115.25** 0.10^^ 1.72*^ 93.81^^ 65.56^^ 
(252) 
-
Pooled error 987 1.88 733.53 0.06 0.66 45.23 47.50 
(658) 
2.25 
(329) 
* and ^Analysis of variance for two and one locations, respectively. The number 
in parentheses gives the degrees of freedom involved with the mean square. 
•.••Statistically significant at the .05 and *01% probabiility level, 
respectively. 
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Table 2$. Estimates of the additive genetic (0^^,), genotypic 
(Oqqi). and phenotypic (Opp*) covariances for pairs 
of characters among full-sib family means of Iowa 
Long Ear Synthetic, 1966 
300-
Ear kernel 
Yield diameter Ear-row wei^t 
(g/plant) (cm) number (g) 
Ear 
lenrth 
(cm; 
Yield 
(s/ _ 
plant) 
Ear 
diameter 
(cm) 
'AA 
^GG 
ïpp 
'AA 
^GG 
ïpp 
'AA 
^GG 
Tpp 
.5480 
3.9064 
42.8829 
-.1184 
-.0644 
.0751 
1.0440 
.1360 
7.6078 
-.6870 
-.3328 
-.3195 
-1.6020 
.0708 
12.3265 
.2068 
.0384 
.3106 
-.9278 
.8084 
4.8439 
3.4744 
7.8316 
146.4912 
.0139 
-.0580 
I.3I87 
Ear row 
number 'AA 
^GG 
fpp 
-4.1972 
-2.7449 
-9.7568 
Table 26. Means of eight agronomic traits estimated for the original and derived 
populations from divergent mass selection for ear length in Iowa Long 
Ear Synthetic and three checks grown at Kanawha 
Trait 
300-
Ear Ear Cob Kernel Kernel kernel Ear 
length Yield diam. diam. depth row weight height 
Population (cm) (g/plant ) (cm) number (gl (cm) 
BSLE-CO 19.11 109.46 4.14 
BSLE-SC2 18.22 119.78 4.28 
BSLE-SC4 14.74 94.28 4.24 
BSLE-SC6 15.79 94.69 4.20 
BSLE-SC8 13.76 77.71 4.14 
BSLE-SCIO 12.68 55.87 4.00 
BSLE-LC2 20.44 139.97 4.39 
BSLE-LC4 20.31 108.58 4.03 
BSLE-LC6 20.55 109.96 3.99 
BSLE-LC8 21.55 112.92 3.99 
BSLE-LCIO 21.21 121.30 4.09 
BSLE-SC2 X 
BSLE-LC2 17.51 90.67 3.97 
BSLE-SC4 X 
BSLE-1C4 19.00 117.13 4.11 
BSLE-SC6 X 
BSLE-LC6 17.15 103.73 4.10 
BSLE-SC8 X 
BSLE-LC8 18.13 106.70 4.01 
BSLE-SCIO X 
BSLE-LCIO 16.37 86.75 3.88 
BSLE-SC2 X 
BSLE-CO 19.60 121.42 4.28 
B8LE-SC4 X 
BSLE-CO 18.10 118.65 4.33 
2.79 0.68 15.50 69.45 113 
2.76 0.76 16.00 69.15 101 
2.78 0.73 17.25 70.85 92 
2.72 0.74 16.00 65.90 95 
2.76 0.69 14.50 71.10 91 
2.96 0.82 16.00 74.60 81 
2.91 0.74 16.75 65.75 116 
2.88 0.57 15.75 61.40 116 
2.76 0.61 15.25 69.60 110 
2.70 0.65 15.25 64.58 114 
2.87 0.61 15.50 69.68 121 
2.67 0.65 15.25 62.68 104 
2.79 0.66 16.00 62.13 105 
2.66 0.72 16.75 70.20 96 
2.77 0.62 15.50 67.05 105 
2.65 0.61 16.75 67.58 97 
2.94 0.67 16.00 70.93 107 
2.84 0.74 16.75 70.73 101 
Table 26. (Continued) 
Trait 
300-
Ear Ear Cob Kernel Kernel kemel Ear 
length Yield diam. diam. depth row weight hei^it 
Population (cm) (g/plant) 
— — — — — — —  
number (g) (cm) 
BSLE-SC6 X 
BSLE-CO 18.99 120.77 4.50 3.00 0.74 16.00 68.30 97 
BSLE-SC8 X 
BSLE—C0 17.0? 88.30 4.22 2.84 0.69 16.00 66.63 97 
BSLE-SCIO X 
BSLE-CO 15.52 104.87 4.11 2.75 0.67 15.75 73.25 95 
BSLE—L2 X 
BSLE-CO 20.24 144.43 4.32 2.94 0.69 15.75 73.63 104 
BSLE-L4 X 
BSLE—C 0 18.26 107.33 3.71 2.54 0.59 15.25 67.78 108 
BSLE-L6 X 
BSLE-CO 19.08 118.79 4.06 2.72 0.67 15.75 62.15 108 
BSLE-L8 X 
BSLE-CO 22.71 141.71 4.63 3.12 0.76 15.50 70.75 109 
BSLE-LIO X 
BSLE-CO 19.68 120.99 4.06 2.74 0.66 15.25 66.20 115 
BSLE-CO 19.29 121.30 4.29 2.86 0.72 15.00 74.43 101 
PIONEER LONG 
EAR 21.63 92.99 4.02 2.71 0.66 14.75 67.80 113 
BSLE-CO X PIONEER 
LONG EAR 22.02 110.51 3.86 2.74 0.56 15.00 62.25 120 
B73 X Mol? 20.50 201.30 4.63 2.84 0.89 15.95 83.53 102 
Table 27. Means of nine agronomic traits estimated for the original and derived populations from 
divergent mass selection for ear length in Iowa Long Ear Synthetic and three checks 
grown at the Agronomy Farm (Ames) 
Trait 
300-
Ear Ear Cob Kernel Kernel kernel Ear 
length Yield diam. diam. depth row weight height Silking 
Population (cm) (g/plant) cm number (cm) (cm) date 
BSLE-CO 18.76 91.80 4.13 2.82 0.66 16.00 63.53 92.75 27.75 
BSLE-SC2 16.65 97.34 4.04 2.75 0.65 14.75 65.75 83.75 26.75 
BSLE-SC4 16.48 87.90 4.36 2.89 0.73 16.25 71.05 79.00 26.75 
BSLE-SC6 17.16 105.58 4.30 2.90 0.70 16.25 72.53 77.00 28.50 
BSLE-SC8 15.53 78.03 4.07 2.87 0.60 15.00 68.48 75.75 26.75 
BSLE-SCIO 15.14 104.38 4.30 2.80 0.75 16.25 71.15 73.25 29.50 
BSLE-LC2 19.72 110.80 4.07 7.75 0.66 15.00 68.07 98.25 30.00 
BSLE-LC4 19.96 91.65 4.18 2.78 0.70 15.00 67.73 103.75 32.80 
BSLE-LC6 19.04 115.41 3.93 2.61 0.66 15.50 65.10 100.00 30.75 
BSLE-LC8 21.33 108.90 4.04 2.75 0.64 15.75 61.68 98.75 33.00 
BSLE-LCIO 21.34 116.42 4.05 2.92 0.56 15.50 63.75 101.75 32.50 
BSLE-SC2 X BSLE-LC2 16.89 95.33 4.03 2.83 0.60 15.00 67.25 91.75 30.25 
BSLE-SC4 X BSLE-LC4 19.61 111.00 4.40 2.81 0.79 16.00 74.00 85.75 28.50 
BSLE-SC6 X BSLE-LC6 21.37 131.54 4.39 2.81 0.79 16.60 67.20 84.25 29.00 
BSLE-SC8 X BSLE-LC8 20.16 112.63 4.23 2.78 0.73 15.75 71.00 87.00 29.50 
BSLE-SClO X BSLE-LCIO 19.03 118.95 4.17 2.84 0.67 15.25 68.58 84.00 29.25 
BSLE-SC2 X BSLE-CO 19.00 115.94 4.23 2.86 0.68 16.00 68.15 82.75 28.00 
BSLE-SC4 X BSLE-CO 16.02 96.18 4.19 2.93 0.63 16.00 66.70 86.00 29.00 
BSLE-SC6 X BSLE-CO 18.67 124.85 4.32 2.87 0.72 15.25 73.50 78.75 27.50 
BSLE-SC8 X BSLE-CO 20.55 109.80 4.10 2.80 0.65 15.50 63.35 83.75 30.25 
BSLE-SCIO X BSLE-CO 18.63 103.93 4.11 2.88 0.61 15.75 63.60 79.75 26.75 
Table 27. (Continued) 
Trait 
300-
Ear Ear Cob Kernel Kernel kernel Ear 
length Yield diam. diam. depth raw weight heigjht Silking 
Population (cm) (g/plant) (cm) number (cm) (cm) date 
BSLE-L2 X BSLE-CO 19.69 114.09 4.27 2.81 0.73 15.50 70.10 91.25 30.75 
BSLE-L4 X BSLE-CO 19.63 112.18 4.25 2.86 0.70 15.75 66.35 92.25 31.50 
BSLE-L6 X BSLE-CO 19.25 117.88 4.13 2.67 0.73 14.50 73.43 92.50 29.25 
BSLE-L8 X BSLE-CO 19.61 121.40 4.30 2.86 0.72 16.25 69.28 97.50 30.50 
BSLE-LIO X BSLE-CO 19.71 95.60 4.19 2.83 0.83 15.25 71.23 97.75 30.25 
BSLE-CO 19.15 104.15 4.42 2.88 0.77 16.25 63.63 88.00 28.00 
PIONEER LONG EAR 19.58 86.43 4.05 2.79 0.63 15.50 66.53 99.25 34.50 
BSLE-CO X PIONEER 
LONG EAR 22.01 97.28 4.33 2.92 0.70 15.00 63.48 108.50 34.50 
B73 X Mol7 18.59 135.50 4.18 2.66 0.76 15.50 74.08 85.25 25.25 
Table 28. Means of nine agronomic traits estimated for the original and derived populations from 
divergent mass selection for ear length in Iowa Long Ear Synthetic and three checks 
grown at Hinds Farm (Ames) 
Trait 
300-
Ear Ear Cob Kernel Kernel kernel Ear 
length Yield dlam. diam. depth row weight height Silking 
Population (cm) (g/yield) —--—(cm)—--—- number (cm) (cm) date 
BSLE-CO 17.95 94.83 3.78 2.51 0.63 68.53 77.33 99.00 28.00 
BSLE-SC2 18.26 64.64 3.89 2.74 0.58 75.98 76.58 82.25 25.00 
BSLE-SC4 14.78 58.03 4.19 2.73 0.73 78.50 75.50 87.75 26.00 
BSLE-SC6 13.41 42.80 4.12 2.76 0.68 82.95 77.38 85.25 28.00 
BSLE-SC8 13.44 45.45 3.79 2.63 0.58 75.93 72.48 82.25 25.00 
BSLE-SCIO 11.15 29.70 3.77 2.79 0.48 73.10 75.35 84.00 29.00 
BSLE-LC2 18.87 85.43 4.09 2.79 0.65 77.00 72.73 105.50 26.00 
BSLE-LC4 19.55 76.73 4.04 2.96 0.54 77.75 80.95 119.25 29.00 
BSLE-LC6 19.13 61.76 3.71 2.69 0.51 78.23 79.10 117.25 28.75 
BSLE-LC8 19.42 52.28 3.88 2.71 0.59 83.03 81.85 107.00 29.75 
BSLE-LCIO 23.13 87.54 3.98 2.74 0.62 73.25 81.76 116.25 29.25 
BSLE-SC2 X BSLE-LC2 18.09 83.03 4.14 2.78 0.68 67.00 78.43 109.25 25.50 
BSLE-SC4 X BSLE-LC4 16.70 54.55 4.07 2.72 0.68 65.30 74.00 90.00 27.00 
BSLE-SC6 X BSLE-LC6 16.95 66.01 3.65 2.78 0.43 74.90 75.10 93.75 28.00 
BSLE-SC8 X BSLE-LC8 17.29 74.92 4.44 2.74 0.85 83.53 81.58 99.25 27.50 
BSLE-SCIO X BSLE-LCIO 17.00 60.83 4.13 2.95 0.59 68.53 77.33 97.75 26.50 
BSLE-SC2 X BSLE-CO 18.01 65.40 4.34 2.79 0.78 75.98 76.58 93.75 26.75 
BSLE-SC4 X BSLE-CO 16.74 72.22 3.78 2.71 0.54 78.58 75.55 93.25 25.75 
BSLE-SC6 X BSLE-CO 16.47 91.88 3.95 2.77 0.59 82.95 77.38 89.50 25.50 
BSLE-SC8 X BSLE-CO 13.78 51.07 3.81 2.65 0.58 75.93 72.48 91.50 26.75 
BSLE-SCIO X BSLE-CO 13.57 56.20 3.84 2.76 0.54 73.10 75.35 84.00 25.50 
Table 28. (Continued) 
Trait 
300-
Ear Ear Cob Kernel Kernel kernel Ear 
length Yield dlam. diam. depth row wei^t height Silking 
Population (era) (g/yield) --------(cm)number (cm) (cm) date 
BSLE-L2 X BSLE-CO 18.96 66.55 4.00 2.76 0.62 77.00 72.73 101.30 28.00 
BSLE-L4 X BSLE-CO 18.47 63.75 3.89 2.83 0.53 77.75 80.95 105.50 26.50 
BSLE-L6 X BSLE-CO 19.97 86.16 3.84 2.77 0.54 78.23 79.10 101.00 27.50 
BSLE-L8 X BSLE-CO 19.71 74.33 3.64 2.55 0.55 83.23 81.85 106.00 27.75 
BSLE-LIO X BSLE-CO 18.83 70.83 3.88 2.86 0.51 73.25 81.76 105.50 27.00 
BSLE-CO 17.88 68.90 4.12 2.93 0.39 67.00 78.43 104.75 27.25 
PIONEER LONG EAR 20.10 23.83 3.85 2.70 0.58 65.30 74.00 115.00 31.25 
BSLE-CO X PIONEER 
LONG EAR 22.83 77.83 3.92 2.76 0.58 74.90 75.10 126.75 28.00 
B73 X Mol7 17.90 149.08 4.03 2.84 0.59 83.53 81.58 103.75 23.25 
Table 29. Means of eight agronomic traits estimated for the original and derived 
populations from divergent mass selection for ear length in Iowa Long 
Ear Synthetic and three checks grown in Ankeny 
Trait 
300-
Ear Ear Cob Kernel Kernel kernel Ear 
length Yield diam. diam. depth row weight height 
Population (cm) ( ©/plant) •—(cm) — — — — — number (g) (cm) 
BSLE-GO 21.55 162.44 4.58 3.01 0.79 15.75 85.40 117.00 
BSLE-SC2 20.02 157.45 4.46 2.93 0.77 16.00 74.50 110.00 
BSLE-SC4 17.78 109.73 4.41 2.88 0.77 16.50 72.25 102.00 
BSLE-SC6 17.83 106.58 4.42 2.87 0.78 17.00 69.53 106.75 
BSLE-SC8 15.82 128.24 4.54 2.90 0.82 15.75 72.95 97.75 
BSLE-SCIO 13.89 110.88 4.89 3.07 0.91 18.50 82.68 89.75 
3SLE-LC2 21.09 158.48 4.50 2.98 0.77 15.50 81.38 129.00 
BSLE-LC4 22.64 156.28 4.47 2.99 0.74 16.50 75.08 120.75 
BSLE-LC6 21.74 139.60 4.37 2.88 0.74 15.50 78.50 119.25 
BSLE-LC8 24.08 140.85 4.37 2.95 0.71 15.75 73.35 127.75 
BSLE-LGIO 24.30 140.68 4.28 2.93 0.68 14. 50 79.13 121.75 
BSLE-SC2 X 
3SLE-LC2 20.79 158.72 4.93 2.73 0.85 15.50 81.45 114.50 
BSIiE-SC4 X 
BSLS-LC4 22.90 170.73 4.79 3.20 0.79 15.75 77.80 116.50 
3SLE-SC6 X 
0.67 BSLE-LC6 19.35 151.52 4.21 2.88 15.50 65.70 110.00 
BSLE-SC8 X 
BSLE-LC8 21.44 150.01 4.58 2.94 0.82 16.50 70.15 108.75 
BSLE-SGIO X 
0.69 BSLE-LCIO 20.29 134.73 4.33 2.95 16.25 67.53 114.75 
BSLE-SC2 X 
0.69 BSLE-CO 18.29 122.53 4.21 2.83 16.00 66.23 104.75 
BSLE-SC4 X 
BSLE-CO 19.68 125.56 4.41 2.92 0.74 15.50 69.98 102.50 
Table 29» (Continued) 
Trait 
300-
Ear Ear Cob Kernel Kernel kernel Ear 
length yield diam. diam. depth row weight height 
Population (cm) ( épiant ) — — — — — — —  number (g) (cm) 
BSLE-SCé X 
BSLE-CO 18.41 121.83 4.34 2.84 0.75 16.00 69.00 112.00 
BSLE-SC8 X 
BSLE-CO 17.32 129.05 4.21 2.86 0.67 15.00 66,55 106.25 
BSLE-SCIO X 
BSLE-CO 18.83 157.27 4.59 2.98 0.81 17.00 84.63 104.25 
BSLE-L2 X 
BSLE-CO 21.71 137.83 4.42 2.93 0.74 15.00 70.43 112.00 
BSLE-L4 X 
BSLE-CO 21.60 156.30 4.49 3.01 0.74 15.00 77.15 126.75 
BSLE-L6 X 
BSLE-CO 22.79 157.25 4.43 2.93 0.75 15.75 79.20 114.50 
BSLE-L8 X 
BSLE-CO 23.33 187.55 4.50 2.89 0.81 16.00 78.40 114.25 
BSLE—LIO X 
BSLE-CO 22.30 143.48 4.39 2.92 0.74 15.25 68.80 116.50 
BSLE-CO 21.27 157.08 4.49 2.91 0.79 15.50 73.70 122.50 
PIONEER 
LONG EAR 23.45 122.10 4.45 3.03 0.71 15.50 76.13 119.50 
BSLE-CO X 
PIONEER 
LONG EAR 26.26 178.40 4.28 2.90 0.69 15.25 73.63 
84.83 
126.00 
B73 X Mol? 20.73 225.35 4.85 2.80 1.03 16.00 112.00 
Table 30, Means of eight agronomic traits estimated for the original and derived 
populations from divergent mass selection for ear length in Iowa Long 
Ear Synthetic and three checks grown in Martinsburg 
Trait 
Population 
Ear 
length 
(cm) 
Yield 
(g/plant) 
Ear 
diam. 
Cob 
diam. 
Kernel 
depth 
Kernel 
row 
number 
300-
kemel 
weight 
(g) 
Ear 
height 
(cm) 
BSLE-CO 21.66 169.22 4.59 2.95 0.82 15.00 86.30 108.75 
BSIE-8C2 19.59 155.05 4.43 2.88 0.77 15.75 81.10 103.25 
B8LE-SC4 17.95 144.46 4.50 2.91 0.80 16.25 80.95 102,25 
BSLE-SC6 16.04 111.10 4.41 2.81 0.80 15.50 80.70 97.75 
BSLE-SC8 15.09 126.08 4.66 2.94 0.86 16.25 85.13 91.75 
BSLE-SCIO 11.84 83.46 4.70 2.88 0.91 17.50 89.15 94.25 
BSLE-LC2 20.32 161.93 4.50 2.90 0.80 15.25 88.40 115.00 
BSLE-IC4 22.41 168.45 4.48 2.94 0.77 15.50 83.55 116.50 
BSLE-LC6 23.90 182.23 4.39 2.94 0.93 15.00 90.18 117.25 
BSLE-LC8 22.66 166.70 4.53 2.95 0.79 16.00 80.30 120.50 
BSLE-LCIO 26.12 165.78 4.31 2.97 0.67 14.25 27.53 110.00 
BSLE-SC2 X 
BSLE-LC2 21.15 170.35 4.49 2.96 0.76 16.25 80.93 114.75 
BSIE-8C4 X 
BSLE-LC4 20.53 147.28 4.43 2.99 0.72 15.75 77.20 105.50 
BSLE-SC6 X 
BSLE-LC6 20.42 132.43 4.30 2.91 0.69 16.00 80.60 104.25 
BSLE-SC8 X 
BSLE-LC8 19.36 155.98 4.54 2.98 0.78 15.50 80.13 106.00 
BSLE-SCIO X 
BSLE-LCIO 20.41 135.45 4.38 2.90 0.74 16.25 77.33 108.25 
BSLE-SC2 X 
3SLE-C0 20.06 156.23 4.48 2.97 0.75 15.50 81.98 105.25 
B8LE-8C4 X 
BSLE-CO 19.49 154.20 4.68 3.05 0.82 15.25 87.58 109.75 
Table 30. (Continued) 
Trait 
300-
Ear Ear Cob Kernel Kernel kemel Ear 
length Yield diam. diam. depth row weight height 
Population (cm) ( ^plant ) ' — — — — — — — number (g) (cm) 
BSLE-SC6 X 
BSLE-CO 19.36 142.50 4.56 2.95 0.81 15.50 83.18 104.00 
BSLE-SC8 X 
BSLE-CO 18. 54 110.64 4.49 2.89 0.80 15.50 84.95 105.50 
BSLE-SCIO X • 
BSLE-CO 17.62 158.78 4.61 2.94 0.84 16.25 80.93 99.50 
BSLE-L2 X 
BSLE-CO 21.14 165.13 4.40 2.93 0.73 15.75 82.63 108.50 
BSLE-L4 X 
BSLE—CO 22.24 155.59 4.4? 3.03 0.72 15.50 80.00 116.75 
BSLE-C6 X 
BSLE-CO 22.22 161.95 4.38 2.88 0.75 15.25 82.95 114.25 
BSLE-L8 X 
BSLE-CO 22.13 161.33 4.40 2.90 0.75 15.50 84.55 117.00 
BSLE-LIO X 
BSLE-CO 22.40 169.00 4.30 2.82 0.74 15.25 75.28 115.50 
BSLE-CO 20.29 141,73 4.49 2.91 0.79 14.25 88.53 103.25 
PIONEER 
LONG EAR 24.88 170.35 4.36 2.8? 0.75 14.50 82.15 111.50 
BSLE-CO X 
PIONEER 
LONG EAR 26.28 162.23 4.40 2.91 0.74 15.25 83.80 126.75 
B73 X Mol? 20.89 225.88 4.91 2.78 1.06 15.50 98.13 106.75 
Table 31. Individual analyses of variance of nine agronomic traits for the original 
and populations derived from divergent mass selection for ear length in 
Iowa Long Ear Synthetic and three checks 
Source of 
variation 
Mean squares 
D.F. Kanawha 
Agronomy 
Farm (Ames) 
Hinds Farm 
(Ames) Ankeny Martinsburg 
Replications 3 
Populations 29 
Error 8? 
Replications 3 
Populations 29 
Error 8? 
Replications 3 
Populations 29 
Error 8? 
Replications 3 
Populations 29 
Error 8? 
19.91 
24.18** 
4.61 
4373.22 
2541.29** 
510.41 
.27 
.20* 
.12 
.09 
.06 
.04 
Ear length 
4.02 
12.30 
7.97 
Yield 
1303.46 
728.72 
653.06 
Ear diameter 
.15 
.07 
.07 
Cob diameter 
.02 
.02 
.04 
6.81 
28.89** 
3.49 
1087.98 
2066.74** 
699.21 
.17 
.15 
.15 
.04 
.04 
1.28 
28.46** 
3.32 
528.89 
2503.87** 
898.57 
.10 
.11** 
.04 
.05 
.03 
.02 
2.35 
36.70** 
2.01 
2059.06 
2560.90** 
565.31 
.02 
.07** 
.02 
.01 
.01 
.01 
*1**Statistically significant at the .05 and .01# probability level, 
respectfully. 
Table 31. (Continued) 
Mean squares 
Source of Agronomy Hinds Farm 
variation D.F. Kanawha Farm (Ames) (Ames) Ankeny Martinsburg 
Replications 3 
Populations 29 
Error 8? 
Replications 3 
Populations 29 
Error 87 
Replications 3 
Populations 29 
Error 8? 
Replications 3 
Populations 29 
Error 87 
Replications 3 
Populations 29 
Error 87 
.017 
.021** 
.010 
2.68 
1.64* 
.95 
190.96 
87.27* 
50.96 
1712.82 
355.06** 
69.56 
Kernel depth 
. 019 .031 
. 014* .030 
.009 .036 
Ear row number 
.99 1.30 
1.08 1.91 
1.04 1.36 
300-kernel weigjit 
103.63 8.60 
62.18 83.40 
49.33 94.77 t9.
Ear height 
240.06 
329.86** 
37.65 
Silking date 
1.32 
22.24** 
2.93 
305.92 
573.30** 
62.49 
4.17 
11.48** 
3.15 
.006 
.022** 
.005 
1.43 
2.32** 
1.17 
19.82 
137.01** 
71.91 
196.94 
338.72** 
77.90 
.004 
.021** 
.007 
.43 
1.70** 
.68 
282.98 
84.50 
62.94 
104.83 
246.05** 
27.64 
